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ABSTRACT
Schaefer, Michael J., M.S., Spring 1986 Geology
Petrology, Origin, and Tectonic Interpretation of an Archean Rock 
Package in the Ruby Range, Southwestern Montana (111 p.)
The Ruby Range of southwestern Montana contains Archean 
amphibolite- to granulite-facies metamorphic rocks belonging to 
three major units. The Cherry Creek Group is a meta-sedimentary 
unit dominated by concordantly interlayered units of marble, 
pelitic schist and gneisses, quartzite, calc-si1icate gneisses, 
iron-formation, and amphibolites representing basaltic flows and 
sills. Structurally below this group is the Dillon gneiss, a 
quartzo-feldspathic gneiss of questionable origin. Possible 
protoliths include arkose, mudstone or siltstone rich in illite 
and quartz, mixed sediments and volcanics, and intrusive granite. 
The preferred origin is a synkinematic granitic intrusion with 
some interlayered sediments. Within this gneiss are several 
concordant layers of marble and amphibolite. Structurally below 
the Dillon gneiss is the pre-Cherry Creek Group. This group 
consists of biotite-quartz-plagioclase gneiss, biotite-garnet- 
quartz-plagioclase gneiss, sillimanite-garnet-quartz-plagioclase 
gneiss, hornblende-biotite gneiss, and hornblende gneiss. This 
unit is believed to be largely sedimentary in origin, with a 
greywacke protolith. Concordantly interlayered with these 
gneisses are basaltic amphibolites.
Small pods of tectonically emplaced meta-ultramafic rock were 
emplaced into all these units prior to or during high-grade 
metamorphism. These rocks are believed to have been emplaced as 
serpentinized and partially serpent ini zed peridotites.
A proposed tectonic model for the origin of this rock package 
consists of; 1) deposition of the pre-Cherry Creek unit as a 
basinal greywacke sequence, and possibly burial and metamorphism 
<3.1 b.y.) of this sequence to form an early basement, 2) 
deposition of the Cherry Creek Group in a stable shelf 
environment, possibly during a period of rifting, and 3) upper 
amphibolite grade metamorphism, deformation, migmatization of the 
pre-Cherry Creek Group, and concordant intrusion of the Dillon 
gneiss along the pre-Cherry Creek Group/Cherry Creek Group 
contact; all occurring 2.75 b.y. ago. A collision environment is 
preferred for this latest event.
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CHAPTER I
INTRODUCTION
Archean rocks of southwestern Montana are the northwestern most 
exposurs of rock in the Archean Wyoming province. The Ruby Range of 
southwestern Montana contains highly deformed and metamorphosed rocks 
of various sedimentary and igneous origins. In the Ruby Range high 
grade metamorphism of upper amphibolite to granulite grade has been 
dated at 2.75 b.y. (James and Hedge, 1980). Three distinct metamorphic 
suites exist in the Ruby Range; the Cherry Creek Group, the Dillon 
gneiss, and the pre-Cherry Creek Group. Recent opinion to abandon such 
names for more descriptive terms, may help in correlations of units 
across mountain ranges in southwestern Montana. However, these terms 
will be retained here for simplicity and because of the strong belief 
that each unit represents a distinct rock package formed in a different 
environment. Figure 1 shows the distribution of these rock packages in 
the Ruby Range.
The Cherry Creek Group was first described and named by Peale 
(1896). This group is dominated by a stable shelf sequence of 
sedimentary rocks. The presence of marble is the distinguishing 
characteristic of this rock package. Similar rock packages exist in 
the Tobbaco Root, Highland, Greenhorn, and southern Madison Ranges 
(Vitaliano et al, 1979; Karasevich et al, 1981; Berg, 1976; Erslev, 
1983). Although rock packages are similar, correlation of units across
Beaverhead
River
R iver
•  A lder
Di 11 on
V ; M \ l Pcc >\V:\^
MONTANA
Figure 1. Schematic index map of the Ruby Range showing the
distribution of the pre-Cherry Creek Group (PCC), Dillon 
gneiss (DG), Cherry Creek Group (CC), and Paleozoic 
sediments (Pz). Major faults trend northwest. The two 
heavy outlined areas are study area locations.
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m o u n t a i n  r a n g e s  i s  s c a r c e .
B e lo w  t h e  C h e r r y  C r e e k  G rou p  i s  t h e  D i l l o n  g n e i s s ,  f i r s t  named by  
H e i n r i c h  ( 1 9 6 0 )  as  t h e  D i l l o n  G r a n i t e  G n e i s s .  H e i n r i c h  b e l i e v e s  t h e  
g n e i s s  i s  a s y n k i n e m a t i c  g r a n i t i c  p l u t o n  i n t r u d e d  b e t w e e n  t h e  C h e r r y  
C re e k  and p r e - C h e r r y  C r e e k  G r o u p s .  Some w o r k e r s  h a v e  s u p p o r t e d  t h i s  
i n t e r p r e t a t i o n  ( S m i t h ,  1980)  w h i l e  o t h e r s  h a v e  i n t e r p r e t e d  i t  as  a 
m e t a - s e d i m e n t  ( G a r i h a n  and Okuma, 1 9 7 ^ ;  G a r i h a n  and W i l l i a m s ,  1 9 7 6 ) ,  
m e t a - s e d i m e n t  w i t h  m i x e d  v o l c a n i c s  ( W i l s o n ,  1 9 8 1 ) ,  and as  a l l  o f  t h e  
ab o v e  a l o n g  w i t h  r e m o b i l i z e d  b a s e m e n t  (James and H e dge ,  1 9 8 0 ) .  Many 
w o r k e r s ,  i n c l u d i n g  t h e  a u t h o r ,  b e l i e v e  t h a t  e i t h e r  a s e d i m e n t a r y  o r  
i g n e o u s  o r i g i n  i s  p o s s i b l e .  H o w e v e r ,  I  f a v o r  a p l u t o n i c  o r i g i n  f o r  t h e  
m a j o r i t y  o f  t h e  g n e i s s .
The t h i r d  u n i t  i n  t h e  Ruby R ange ,  w h i c h  i s  t h e  s t r u c t u r a l l y  
l o w e s t ,  h a s  been  t e r m e d  t h e  p r e - C h e r r y  C r e e k  Group  b y  H e i n r i c h  ( 1 9 6 0 ) .  
T h i s  u n i t  i s  r e c o g n i z e d  o n l y  i n  t h e  Ruby Range and i s  i n t e r p r e t e d  as 
b e i n g  d o m i n a n t l y  s e d i m e n t a r y  i n  o r i g i n .  S i m i l a r  g n e i s s e s  e x i s t  i n  
o t h e r  r a n g e s  o f  M o n t a n a ,  b u t  a g a i n  c o r r e l a t i o n s  a r e  l a c k i n g .  I  b e l i e v e  
t h a t  when c o r r e l a t i o n s  a r e  e s t a b l i s h e d  t h e  e x t e n t  o f  t h e  p r e - C h e r r y  
C reek  Group  w i l l  be w i d e s p r e a d .  S i m i l a r  r o c k  d e s c r i p t i o n s  h a v e  been  
r e p o r t e d  i n  t h e  T obbaco  R o o t  ( V i t a l i a n o  e t  a l  1 9 7 9 ) ,  H i g h l a n d  ( G o r d o n ,  
1 9 7 9 ) ,  and M a d i s o n  r a n g e s  ( E r s l e v ,  1 9 8 3 ) .  V i t a l i a n o  e t  a l  ( 1 9 7 9 )  
s u g g e s t e d  t h a t  t h e  g n e i s s e s  o f  t h e  T obbaco  R o o t  M o u n t a i n s  may c o r r e l a t e  
w i t h  t h o s e  o f  t h e  p r e - C h e r r y  C ree k  G r o u p .  T h i s  i s  b ased  on t h e  
a s s u m p t i o n  t h a t  t h e  s e q u e n c e s  i n  t h e  T obbaco  R o o t  and Ruby Ranges  a r e  
n o t  o v e r t u r n e d .
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Small pods of tectonically emplaced meta-ultramafic rock exist in 
all the units. These pods are folded with the host rock, commonly in 
the crests of isoclinal folds. This suggests emplacement occurred 
before or during the 2.75 b.y. old metamorphic and deformationa1 event. 
A regional thermal event, possibly related to the Hudsonian Orogeny 
(Condie, 1976), occurred 1.6 b.y. ago, and several episodes of diabase 
dike intrusion occurred 1.1 to 1.5 b.y. ago (Wooden, 1978).
Although these rocks have been mapped (Heinrich, I960; Okuma,
1971; Garihan, 1973; Karasevich,1980), some in detail, and descriptions 
for each rock type exist, very little has been done to tie the whole 
rock package together. Similarly, only a few attempts have been made 
to evaluate the history and tectonic origin of these rocks.
To evaluate the history and origin of this rock package I studied
two areas within the Ruby Range during the summer of 1985, see figure
1. They were chosen for their good exposures of all the Archean rock
types. The Sweetwater Pass study area, figure 2, contains rocks from 
the Cherry Creek Group and Dillon gneiss; the Cottonwood Creek study 
area, figure 3, contains rocks from the Dillon gneiss and pre-Cherry 
Creek Group. Several other areas were also briefly examined during 
this study. Maps prepared by Okuma (1971) and Garihan (1973) aided in 
mapping these rocks and allowed field work to focused on two major 
objectives; 1) sampling of each rock type for later petrologic 
analysis, and 2) observations of field relations and characteristics of 
each rock type. Field relations and analyses of approximately 80 thin 
sections were used in protolith determinations. Staining with sodium
tb Tertiary basalt
d Proterozoic diabase dike
ARCHEAN
dg Dillon gneiss
m Marble
am Amphibolite
p Pelitic schists and gneisses
csg Calc-si1icate and related gneisses
qtz Meta-quartzite
if Iron-formation
eg Meta-conglomerate
Strike and dip of bedding
s' Strike and dip of foliation
Synform showing plunge of axis 
Antiform showing trace of axial plane 
Overturned synform showing trace of axial plane 
Overturned antiform showing plunge of axis
Figure E. Generalized geologic map of the Sweetwater Pass study area.
All Archean units except the Dillon gneiss (dg) belong to 
the Cherry Creek Group.
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\  F a u l t
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DG \ \
N
1 km
1 12°12 '30 "
2
PCC
PCC
T. 7 S.
T. 8 S.
1) Fine grained biotite and biotite garnet quartzo- 
feldspathic gneisses with minor amphibolite
2) Highly migmatized section of hornblende and hornblende 
biotite gneisses, and fine grained biotite gneisses.
3) Migmatized section of fine grained biotite gneisses with 
anatectic pods and injection veins of coarse grained 
biotite gneiss.
L\) Sillimanite garnet, biotite garnet, and coarse biotite
gneisses with interlayered amphibolite.
Cretaceous-Tertiary
Sediments
Figure 3. Map of the Cottonwood Creek study area showing a traverse 
made through the Dillon gneiss (DG), and pre-Cherry Creek 
Group (P C C ).
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cobaltinitrite allowed better estimates of potassium feldspar contents. 
The geologic history of these rocks is determined from protolith 
interpretations, field relations and radiometric-age data, and a 
tectonic model for the origin of these rocks is proposed.
CHAPTER II
DESCRIPTIONS AND ORIGINS OF METAMORPHIC ROCKS 
CHERRY CREEK GROUP
Several distinct rock types 
make up the Cherry Creek Group, 
the estimated percentages of each
1) Marble
2) Pelitic schists and gneisses
3) Amphibolite
4) Calc-si1icate gneiss 
and meta-quartzite
5) Anthophyl1ite gneiss
6) Iron-formation
7) Pegmatite
Meta-ultramafic rocks 
Group, as well as the other 
One is generally concordant 
Dillon gneiss. The second 
post-Archean events.
All these rock types 
throughout the exposures of
of dominantly sedimentary parentages 
Below is a list of the rock types and 
from this study and Garihan (1973).
Percentages 
This study Garihan, 1973
37 39
23 19
20 2^
17 16
1 1
1 1
the Cherry Creek 
pegmatite exist, 
intrusion of the 
to
interlayered and repeated 
Group. Thickness of
1
are a minor component of 
two units. Two sets of 
and probably related to 
is crosscutting and probably related
are concordantly 
the Cherry Creek
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individual units varies greatly along strike and several of the more 
competent units such as meta-quartzite, amphibolite, and meta- 
ultramafic rocks, outcrop as boudins. The stratigraphy is unknown, so 
for the use of tectonic interpretations, the Cherry Creek Group is 
considered as a rock package rather than a stratigraphic section.
Marble
Marble generally forms continuous layers 155 to 425 m thick, and 
in one spot a small pod within amphibolite. Garihan (1973) reported 
continuous mappable layers as thin as 10 m. Plastic flow and isoclinal 
folding during metamorphism has obscured the true thickness of these 
layers. The rocks are layered on a centimeter to few meters scale. 
Layers differ in composition and probably represent original bedding.
In one area, bedding on a 5 to 8 cm scale contains 10 to 15 cm layers 
of amphibolite. Other rock types within the marbles include: 
amphibolite pods, pegmatites generally as concordant pods with some 
crosscutting, a 15 to 30 m layer of Dillon gneiss, and a 20 to 30 m 
layer of pelitic schist.
Table 1 gives the modal abundances for a few of these marbles. 
Color ranges from white in pure marbles to pale green and pale brown in 
silicate-bearing varieties. Most commonly they are massive, medium- to 
coarse-grained mosaics of dominantly carbonate with 0.5 to 3 mm patches 
and layers of olivine, serpentine, and locally chlorite and diopside. 
Serpentine, mesh and fiber, is an alteration product from diopside 
(sample Rm-2) and olivine (Rm-la), and iron oxide is a by-product of 
this alteration. Serpentine in sample Rm-3 is partly altered to
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Table 1. Modal analyses of marble (Rm-) and calc-si1icate (Res-) 
rocks of the Cherry Creek Group
Saiple R*-0 Ri-2 R«-3 R»-^» RH-la Rcs-1 Rcs-3 Rcs-A
Carbonate 100 87 65 98 65 30 -  tr
Treaol i te-act ino 1 i te —  ~  —  —  —  25
Hornblende —  —  —  -- —  —  35
Diopside —  1 1 —  —  —  65
Olivine —  —  -- -- 15
Scapolite —  —  —  —  —  -- —  <1
Epidote —  —  -- —  —  15 2
Biotite   7 27
Iron oxides —  3 —  —  —  2 —  tr
Graphite ~  ~  —  ~  —  tr (?)
Garnet ~  —  —  —  —  2
Quartz —  1 1 —  —  25
Potassiu* feldspar —  —  —  —  —  15 25 2
Plagioclase -- <1 —  —  —  tr
Zircon —  —  —  —  —  tr tr tr
Apatite —  —  —  —  —  —  tr
Sphene —  —  —  —  —  <1 tr tr
Tourialine ~  —  —  —  —  —  —  tr
Serpentine —  8 20 —  20
White eica/sericite tr —  —  <1 —  —  5
Chlorite -  -  15 -  -  10 <1 1
Talc   -- -  -  5
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chlorite. Traces of graphite, quartz, plagioclase, and muscovite are 
found sparsely scattered along carbonate grain boundaries. Pure marble 
is gradational to calc-si1icate gneiss (see table 1). Garihan (1973) 
reports intermediate assemblages to those given here.
Heinrich (1947) and Levinson (1949) stained the marbles with 
Lemberg solution or copper nitrate and showed; 1) of the pure marbles, 
dolomitic marbles are twice as abundant as calcite ones, and 2) the 
marbles that contain calcium-magnesium or magnesium silicates, such as 
tremolite, actinolite, diopside, phlogopite, or olivine are dominantly 
calcitic. Heinrich (1960) interpreted the dominance of calcite in 
these rocks as due to the breakdown of dolomite.
Calc-5i1icate and Related Gneiss
Gneisses under this heading grade from calc-si1icate gneisses with 
abundant calcic minerals to predominantly silicic gneisses that contain 
appreciable amounts of hornblende/actinolite and biotite. The calc- 
silicate gneisses are in turn gradational to marbles. Table 1 gives 
the modal abundances of a few of the gneisses.
Calc-si1icate gneisses with carbonate such as sample Rcs-1 are 
rather rare and tend to be closely associated with marble units. The 
calc-si1icate gneiss of sample Rcs-1 is approximately 15 m thick, and 
fairly continuous along a marble-pelitic schist contact. This calc- 
silicate gneiss is banded greenish-gray to white, the silicic layers 
being the former, the calcic the later. The silicic layers consist of 
potassium feldspar and chlorite (altered from biotite). They are finer 
grained (0.1 to 0.4 mm) than the 0.5 to 1 mm grains of calcite, epidote
*
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and t r e m o l i t e  i n  t h e  c a l c i c  l a y e r s .
O t h e r  C h e r r y  C r e e k  g n e i s s e s  h a v e  a d o m i n a n t  c a l c i u m - r i c h  s i l i c a t e  
m i n e r a l  s u c h  as  h o r n b l e n d e / a c t i n o  1 i t e  ( R c s - 3 ) ,  o r  d i o p s i d e  ( R c s - 4 ) .  
T h e s e  g n e i s s e s  e x i s t  d o m i n a n t l y  i n  one  300  m u n i t .  O u t c r o p s  a r e  
g e n e r a l l y  p o o r  and r o c k  c o m p o s i t i o n s  v a r i a b l e .  I t  i s  mapped on  f i g u r e  
2 as  an u n d i f f e r e n t i a t e d  u n i t  o f  c a l c - s i 1 i c a t e  g n e i s s ,  m e t a - q u a r t z i t e ,  
and p e l i t i c  s c h i s t  and g n e i s s .  S a m p le s  R c s - 3 ,  R c s - 4  ( t a b l e  1) and R s q -  
1 ( t a b l e  2 )  w e r e  c o l l e c t e d  f r o m  t h i s  u n i t .  P e l i t i c  s c h i s t  o u t c r o p s  
w e r e  i n f r e q u e n t l y  e n c o u n t e r e d  b u t  a b u n d a n t  m i c a  i n  t h e  s o i l  s u g g e s t s  
t h a t  t h e y  u n d e r l i e  a good  p o r t i o n  o f  t h e  u n e x p o s e d  a r e a s .
T he se  g n e i s s e s  w e r e  p r o b a b l y  d e p o s i t e d  a s  i m p u r e  d o l o m i t e s  ( R c s -  
1 ) ,  c a l c a r e o u s  s a n d s ,  a n d / o r  c a l c a r e o u s  muds ( R c s - 3 ,  R c s - 4 ) .
M e t a - g u a r t z i t e  and M e t a - c o n g l o m e r a t e
O t h e r  w o r k e r s  i n  t h e  Ruby Range ( G a r i h a n  19 7 3 ,  W i l s o n  1981a )  h a v e  
d e s c r i b e d  t h r e e  t y p e s  o f  m e t a - q u a r t z i t e ; p u r e  m e t a - q u a r t z i t e , i m p u r e  
m e t a - q u a r t z i t e , and c a l c - s i 1 i c a t e  m e t a - q u a r t z i t e .  M e t a - q u a r t z i t e  was 
m a p p a b le  i n  tw o  p l a c e s  a l o n g  s t r i k e ,  b e t w e e n  a m p h i b o l i t e  and p e l i t i c  
l a y e r s .  M e t a - q u a r t z i t e  i s  a l s o  common as  s m a l l  b o u d i n s  w i t h i n  m a r b l e .  
S l i g h t  v a r i a t i o n s  i n  m i c a  c o n t e n t  and c o m p o s i t i o n a l l y  d i f f e r e n t  l a y e r s ,  
s u c h  as  c a l c - s i 1 i c a t e  r i c h  b a n d s  a p p e a r  t o  r e p r e s e n t  b e d d i n g .  P a l e  
g r e e n  a l m o s t  p u r e  m e t a - q u a r t z i t e  w h i c h  g e t s  i t s  c o l o r  f r o m  c h ro m e  m ic a  
( f u c h i t e )  h a s  bee n  r e p o r t e d  b y  H e i n r i c h  ( 1 9 6 0 )  and W i l s o n  ( 1 9 8 1 ) .
T h r e e  m e t a - q u a r t z i t e  m oda l  a b u n d a n c e s  a r e  i n  t a b l e  2 .
C o m p o s i t i o n a l  v a r i a t i o n s  e x i s t  w i t h i n  m e t a - q u a r t z i t e  o u t c r o p s .  Rq~2 ,
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Table 2. Modal analyses of meta-quartzites and meta-conglomerate of 
the Cherry Creek Group
Conglomerate Rcg-2 
Sample Rsq-1 Rq-1 Rq-2 Matrix Pebbles
Plagioclase 29 — — — —
Potassium feldspar 20 — — ^5 —
Quartz 50 80 98 36 61
Biot i te 1 — 2 12 —
Si 11imanite <1 — — — 35
Tremo1i te — 7 — — —
Diopside — 12 — — —
Tourmaline — — — tr —
Iron oxide — — — 5
Zircon tr — — tr —
Apat i te — tr — — —
Carbonate — 1 — — —
Muscovi te tr — — 1 —
Ser ic i te 1 — — 1 —
Talc _ <1 — — _
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an a l m o s t  p u r e  m e t a - q u a r t z i t e , o u t c r o p s  as  a 1 m t h i c k  bed on t h e  edge 
o f  a l a r g e  (5 0  by  150 m) b o u d i n  sh a p e d  o u t c r o p  o f  R sq -1  w h i c h  i s  an 
i m p u r e  m e t a - q u a r t z i t e  w i t h  a c o m p o s i t i o n  s u g g e s t i n g  an a r k o s i c  
p r o t o l i t h  ( t a b l e  2 ) .  R s q -1  c o n t a i n s  p r e d o m i n a n t  q u a r t z ,  p l a g i o c l a s e  
(An* .* )  and p o t a s s i u m  f e l d s p a r .  P o t a s s i u m  f e l d s p a r  i s  m i c r o c l i n e ,  
o r t h o c l a s e ,  and p e r t h i t e .  M i c r o c l i n e  i s  0 . 2  t o  1 . 2  mm and 
i n t e r s t i t i a l ,  o r t h o c l a s e  f o r m s  l a r g e r  c r y s t a l s  up t o  3 mm, and p e r t h i t e  
i s  g e n e r a l l y  o r t h o c l a s e  w i t h  a l i g n e d  and t w i n n e d  p l a g i o c l a s e  
i n c l u s i o n s .  S i l l i m a n i t e  e x i s t s  a l o n g  t h i n  v e i n s  c u t t i n g  t h e  r o c k .
W i l s o n  ( 1 9 0 1 )  i n t e r p r e t e d  t h e  p u r e  m e t a - q u a r t z i t e s  as 
m e ta m o rp h o s e d  c h e r t ,  r a t h e r  t h a n  p u r e  q u a r t z  s a n d ,  and a r g u e d  i n  f a v o r  
o f  an i n o r g a n i c  o r i g i n  f o r  t h e  c h e r t  b ased  on t e x t u r e  and i t s  
a s s o c i a t i o n  w i t h  v o l c a n o g e n i c  a m p h i b o l i t e  and i r o n - f o r m a t i o n .  T h i s  
same a s s o c i a t i o n  i s  p r e s e n t  i n  t h e  s t u d y  a r e a ,  h o w e v e r ,  g r a d a t i o n s  f r o m  
i m p u r e  q u a r t z i t e s  t o  p u r e  q u a r t z i t e s  w i t h i n  t h e  same o u t c r o p ,  s u g g e s t  
t h a t  some o f  t h e  p u r e  m e t a - q u a r t z i t e s , n o t  a s s o c i a t e d  w i t h  a m p h i b o l i t e  
and i r o n - f o r m a t i o n , w e re  q u a r t z  s a n d s .
Sam ple R q - 1 ,  a c a l c - s i 1 i c a t e  m e t a - q u a r t z i t e , i s  m o s t l y  a n h e d r a l  1 
t o  4 mm q u a r t z  g r a i n s .  W i t h i n  t h i s  q u a r t z i t e  a r e  t h i n  l a y e r s  composed 
o f  d i o p s i d e ,  t r e m o l i t e ,  c a l c i t e ,  and t r a c e  a m o u n ts  o f  t a l c  a l t e r i n g  
f r o m  d i o p s i d e .  T r e m o l i t e  i s  common ly  f o u n d  w i t h i n  and a r o u n d  d i o p s i d e  
c r y s t a l s .  T r e m o l i t e  g r a d i n g  i n t o  l a r g e r  d i o p s i d e  c r y s t a l s  and t h e  
p r e s e n c e  o f  c a l c i t e  c l o s e l y  a s s o c i a t e d  w i t h  t h e  t r e m o l i t e ,  s u g g e s t s  
t h a t  t r e m o l i t e  and c a l c i t e  a r e  u n s t a b l e  w i t h  r e s p e c t  t o  d i o p s i d e .
T h u s ,  t h e  r e a c t i o n :
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T r e m o l i t e  + 3 C a l c i t e  + 2 Q u a r t z  — > 5 D i o p s i d e  + 3 C a r b o n  d i o x i d e  + W a te r
w h i c h  o c c u r s  a t  t e m p e r a t u r e s  o f  500  t o  600°C  and p r e s s u r e s  o f  1 t o  ^ 
k b a r ,  i s  s u g g e s t e d .
One c o n g l o m e r a t e  bed was f o u n d  i n  t h e  h i n g e  o f  a s m a l l  f o l d .  I t  
i s  10 t o  15 m w i d e  and c o n t i n u e s  o n l y  a s h o r t  d i s t a n c e .  E x p o s u r e s  o f  
c a l c i c  s i l i c a t e  g n e i s s ,  s a m p l e  R c s - 3 ,  and a i m  bed o f  q u a r t z i t e  e x i s t  
n e a r b y .  T a b l e  2 g i v e s  t h e  m i n e r a l  c o m p o s i t i o n  and a b u n d a n c e s  f o r  t h i s  
c o n g l o m e r a t e .  The p e b b l e s ,  w h i c h  make up 25% o f  t h e  r o c k ,  a r e  q u a r t z  
w i t h  s i l l i m a n i t e .  Th ey  a r e  f l a t t e n e d  and s t r e t c h e d ,  r o u g h l y  5 cm w i d e ,  
10 cm l o n g  and 3 cm t h i c k .  The m a t r i x  i s  m e d i u m - g r a i n e d  m i c r o c l i n e ,  
q u a r t z ,  and b i o t i t e  i n  a g r a n o b l a s t i c  t e x t u r e .
C o m p o s i t i o n  and f i e l d  r e l a t i o n s  o f  t h e s e  m e t a - q u a r t z i t e s  and m e t a ­
c o n g l o m e r a t e s  s u g g e s t  t h e y  w e r e  d e p o s i t e d  as  q u a r t z  s a n d s ,  a r k o s i c  
s a n d s ,  c a l c a r e o u s  s a n d s ,  and a r k o s i c  c o n g l o m e r a t e s .
P e l i t i c  S c h i s t  and G n e i s s
P e l i t i c  r o c k s  a r e  common i n  t h e  C h e r r y  C re e k  G r o u p .  M o s t  o u t c r o p s  
a r e  r o u n d e d  w i t h  l o w  r e l i e f ,  w e a t h e r e d  p a l e  b r o w n ,  and s p e c k l e d  w i t h  
a b u n d a n t  m i c a  f l a k e s .  P e l i t i c  r o c k s  g e n e r a l l y  f o r m  c o n t i n u o u s  u n i t s  
t h a t  r a n g e  f r o m  50  t o  ^ 0 0  m i n  t h i c k n e s s ,  and common ly  c o n t a i n  
c o n c o r d a n t l y  i n t e r l a y e r e d  a m p h i b o l i t e s  ( f i g u r e  <+). A m p h i b o l i t e  
i n t e r b e d s  v a r y  f r o m  5 cm t o  2 m i n  t h i c k n e s s  and make up as much as 15% 
o f  t h e  p e l i t i c  u n i t s  i n  some a r e a s .  C l e a v a g e  i s  w e l l  d e v e l o p e d  and 
f o l i a t i o n  i s  s t r o n g .  B a n d i n g  o f  q u a r t z - p l a g i o c l a s e - g a r n e t  w i t h  b i o t i t e  
l a y e r s  i s  p r e s e n t  i n  some o u t c r o p s  and may be t h e  r e s u l t  o f  l i t - p a r - l i t
16
Figure Picture showing amphibolite layer in pelitic schists, and 
a schematic sketch showing the trench in which this 
amphibolite layer is exposed. Thickness of individual 
layers of amphibolte (am) varies from 5 cm to 2 m.
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injection as suggested by Heinrich (1960), Okuma (1971) and Garihan 
(1973). They may also represent original sedimentary layering, 
metamorphic differentiation, or partial melting.
Table 3 gives the estimated modal abundances for several pelitic 
rocks. Mineral percentages vary. Common assemblages include, in order 
of abundance:
1) Quartz + biotite + plagioclase + sillimanite + garnet
2) Quartz + potassium feldspar + plagioclase + biotite +
sillimanite + garnet
In two areas within a pelitic unit, garnets up to 8 cm in diameter were 
found in the soil weathered from pelitic schists and amphibolitic 
interbeds. Retrograde metamorphism mostly involves alteration of 
plagioclase and sillimanite to sericite, and biotite to chlorite.
Foliation is well defined by biotite and a slight crenulation of 
this cleavage is evident in a few samples. Textural varieties vary 
from unlayered to extensively layered types. Quartz-feldspar layers up 
to 8 mm thick alternate with thinner layers of biotite, sillimanite, 
and garnet. Felsic segregations also occur as pods, and as layers that 
are commonly boudined.
Quartz is in every sample. It is generally medium-grained and 
shows undulose extinction. It occurs as evenly distributed grains in 
the less layered varieties, in layers with feldspar in the layered 
varieties, and in small fine-grained "buttons" with sillimanite 
(samples Rp-1 and Rp-8). Plagioclase, Ana* to Anaa, occurs as twinned 
and untwinned anhedral 0.5 to 3mm grains. Undulose extinction and
18
Table 3. Modal analyses of pelitic schists and gneisses of the Cherry 
Creek Group
Sample i (Rp-) 1 2 3 A 5* 6 7 8 9
Plagioclase 1 10 — 15 20 18 5 2 AA
Potassium Feldspar AO — — 10 — — 3 50 —
Quartz 19 A1 21 50 15 30 28 11 30
Biotite 25 AO 30 23 60 tr 25 25 20
Sillimante ? — A — — — 2 10 —
Garnet 1 5 3 2 — 5 3 — 5
Tourmaline 3 — tr — — — tr tr —
Iron Oxide 3 2 6 <1 — 2 1 1 1
Rutile — — — tr — tr tr — —
Zircon tr tr tr tr — tr tr tr tr
Apatite tr — — — — — tr — —
Graphite!?) 1 1 - - — — tr — — —
Epidote — — — tr — — — — —
Muscovite — — 2 — — — tr — tr
Chlorite tr — 5 — - - 25 10 — <1
Sericite — 2 28 tr — 20 23 1 tr
Hematite tr tr 1 — — — tr _ _
* Hand sample estimation
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d e f o r m a t i o n  t w i n n i n g  a p p e a r  i n  s a m p l e  R p - 9 ,  a n t i p e r t h i t e  i n  R p - 1 .
P o t a s s i u m  f e l d s p a r  i s  g r i d i r o n  t w i n n e d  m i c r o c l i n e  i n  s a m p l e s  Rp-1 
and R p - 8 ,  and o r t h o c l a s e  i n  R p - ^  and R p - 7 .  M i c r o c l i n e ,  w h e r e  p r e s e n t ,  
makes up ^ 0  t o  50% o f  t h e  r o c k .  I n  s a m p l e s  w i t h  o r t h o c l a s e  o n l y  3 t o  
10% i s  p o t a s s i u m  f e l d s p a r .  I n  s a m p l e  R p - 8 ,  m i c r o c l i n e  f o r m s  2 t o  6 mm 
g r a i n s  c o n t a i n i n g  i n c l u s i o n s  o f  q u a r t z ,  p l a g i o c l a s e  and a l i g n e d  
b i o t  i  t e .
B i o t i t e  i s  t h e  d o m i n a n t  m a f i c  m i n e r a l .  I t  i s  p l e o c h r o i c  f r o m  
y e l l o w  t o  r e d - b r o w n ,  0 . ^  t o  2 mm l o n g ,  and d e f i n e s  a f o l i a t i o n .  I t  
c om m on ly  s e r v e s  t o  n u c l e a t e  s i l l i m a n i t e  w h i c h  f o r m s  f i b r o l i t e  o r  
d ia m o n d  s h a p e d  c r o s s  s e c t i o n s  and e l o n g a t e  b l a d e s .  S i l l i m a n i t e  i s  
com m on ly  a l t e r e d  t o  s e r i c i t e .  I n  s a m p l e s  Rp-1  and R p - 8  s i l l i m a n i t e  
f o r m s  s m a l l  " b u t t o n s "  w i t h  q u a r t z .
G a r n e t ,  p r e s u m a b l y  a l m a n d i n e ,  i s  p a l e  p i n k  t o  b r o w n ,  f o r m s  0 . 5  t o  
15 mm f l a t t e n e d  p o r p h y r o b l a s t s , and i s  com m on ly  f r a c t u r e d  w i t h  
r e t r o g r a d e  s e r i c i t e  and c h l o r i t e  f i l l i n g  t h e  f r a c t u r e s .
The m i n e r a l  and m o d a l l y  e s t i m a t e d  c h e m i c a l  c o m p o s i t i o n s  ( W i l s o n  
1981a )  o f  t h e s e  p e l i t i c  s c h i s t s  and g n e i s s e s  a r e  c o n s i s t e n t  w i t h  an 
a l u m i n o u s  s h a l e y  p r o t o l i t h .
A c t i n o l i t e  and A n t h o p h v 1 1 i t e  S c h i s t s
P e l i t i c  s c h i s t  u n i t s  l o c a l l y  c o n t a i n  a c t i n o l i t e  and a n t h o p h y 1 1 i t e  
s c h i s t s .  T a b l e  ^  c o n t a i n s  e s t i m a t e d  modal  a b u n d a n c e s  f o r  a f e w  o f  
t h e s e  r o c k s .  The r o c k s  a r e  g e n e r a l l y  medium g r a i n e d  and f o l i a t i o n  i s  
w e l l  d e f i n e d  by  e l o n g a t e  a m p h i b o l e  c r y s t a l s .
Table 4. Modal analyses of actinolite and anthophy11ite schists 
of the Cherry Creek Group
Sample Ran-1 Ran-2 Ran-3 Ran-** Rp-4a
Plagioclase 2 2 30 — 15
Quartz 50 60 14 — 3
Biot i te — tr tr — tr
Garnet <1 7 5 — —
Act ino1i te 20 — — — 22
Anthophy11i te 22 30 50 99 3
Iron Oxide <1 — — 1 2
Rut ile 1 1 1 — —
Zircon — tr tr tr —
Apat i te tr tr tr — tr
Ep idote — — — — tr
Muscovi te — — — — tr
Chlor i te — — — tr 30
Ser ic i te 5 — — — 25
Serpent ine — — tr <1 —
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A n t h o p h y l 1 i t e / c u m m i n g t o n i t e  s c h i s t  i s  an u n u s u a l  r o c k  t y p e  w i t h  a 
v e r y  h i g h  magnesium c o n t e n t  u n l i k e  common s e d i m e n t a r y  r o c k s ;  t h u s ,  i n  
some c a s e s  i t  i s  b e l i e v e d  t o  be m e ta s o m a t i z e d  s e d i m e n t  ( W i l l i a m s  e t  a l  
1 9 8 2 ) .  The s c h i s t s  h e r e  a r e  a s s o c i a t e d  i n  many c a s e s  w i t h  m e ta -  
u l t r a m a f i c  r o c k s .  Samples  R a n -1 ,  Ran -2  and Ran-3  were  c o l l e c t e d  5 ,  
and 2 m r e s p e c t i v e l y  f r o m  a m e t a - u 1t r a m a f i c  pod (R u -1 )  w i t h i n  a t h i c k  
p e l i t i c  s e q u e n c e ,  and Ran-** a t  t h e  c o n t a c t .  The p e r c e n t a g e  o f  
a m p h ib o le  d e c r e a s e s  away f r o m  t h e  m e t a - u l t r a m a f i c  body  w h e re a s  t h a t  o f  
m i n e r a l s  c h a r a c t e r i s t i c  o f  t h e  p e l i t i c  r o c k s  i n c r e a s e s .  These s c h i s t s  
p r o b a b l y  a r e  m e ta s o m a t i z e d  p e l i t i c  s c - h i s t s  t o  w h ic h  t h e  m e t a - u l t r a m a f i c  
body  has  s u p p l i e d  magnes ium.  D e s m a ra is  (19 78 )  and E r s l e v  (1 980 )  n o te d  
r e a c t i o n  zones  o f  a c t i n o l i t e  ( r e t r o g r a d e ? ) ,  a n t h o p h y l 1 i t e , and 
c u m m i n g t o n i t e  a ro u n d  m e t a - u l t r a m a f i c  r o c k s  i n  t h e  Ruby Range and 
M ad ison  Range,  r e s p e c t i v e l y .  O th e r  a n t h o p h y l 1 i t e / a c t i n o 1i t e  s c h i s t s  
such  as R p - ^ a ,  n o t  a s s o c i a t e d  w i t h  m e t a - u l t r a m a f i c  r o c k s ,  e x i s t  as t h i n  
p o o r l y  d e f i n e d  l a y e r s  w i t h i n  p e l i t i c  u n i t s ,  and may have  im p u re  
d o l o m i t e  p r o t o l i t h s .
I r o n - F o r m a t  i o n
I r o n - f o r m a t i o n  e x i s t s  as a c o n t i n u o u s  l a y e r  a b o u t  20 m t h i c k  
a s s o c i a t e d  w i t h  a m p h i b o l i t e ,  w h ic h  i s  common f o r  i r o n - f o r m a t i o n  
t h r o u g h o u t  t h e  ra n g e  ( W i l s o n  1 9 8 1 a ) .  T h i s  i r o n - f o r m a t i o n  i s  m a s s iv e  
t o  banded w i t h  t h e  banded t y p e s  c o n s i s t i n g  o f  2 t o  3 mm q u a r t z  l a y e r s  
( m e t a - c h e r t )  a l t e r n a t i n g  w i t h  p y r o x e n e  and m a g n e t i t e  l a y e r s  2 t o  5 mm 
t h i c k .  T a b l e  5 g i v e s  t h e  e s t i m a t e d  modal  abundances  f o r  a samp le  f r o m  
t h i s  s t u d y  and t h e  r a n g e  o f  abundances  f o u n d  by W i l s o n  ( 1 9 8 1 a ) .
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Table 5. Modal abundances of iron-formation from the 
Cherry Creek Group. Wilson (1981a) = the 
range for seven samples.
Sample Rif-1 Wilson (1981a)
Quartz 50 30-55
Diopside-Sali te — tr-30
Augi te 5 10-30
Hypersthene 27 tr-35
Hornblende tr 1-5
Anthophy11i te 1 tr-1
Gruner i te 2 1-5
Garnet — 0-55
Magnet i te 25 10-30
Apat i te tr tr
Chlor i te — 0-1
Hemat i te tr tr-1
23
A r c h e a n  i r o n - f o r m a t i o n  i s  g e n e r a l l y  r e g a r d e d  a s  c h e m i c a l l y  
p r e c i p i t a t e d  s e d i m e n t .  M o d e l s  f o r  p r e c i p i t a t i o n  a r e  n u m e r o u s  and 
i n c l u d e  u p w e l l i n g ,  h y d r o t h e r m a l ,  e v a p o r a t e ,  and w e a t h e r i n g  o r i g i n s  
( S i m o n s o n ,  1 9 8 5 ) .  G r o s s  ( 1 9 8 0 )  g i v e s  t h e  c h a r a c t e r i s t i c s  o f  t h e  two 
m a j o r  t y p e s  o f  i r o n - f o r m a t i o n , S u p e r i o r  and A lg o m a .  A l g o m a - t y p e  i r o n -  
f o r m a t i o n  i s  a s s o c i a t e d  w i t h  g r e y w a c k e ,  t u r b i d i t e s ,  and a b u n d a n t  
v o l c a n i c  r o c k s ;  t h e  S u p e r i o r  t y p e  w i t h  s h a l e ,  q u a r t z i t e ,  d o l o m i t e ,  and 
a l e s s e r  am o un t  o f  v o l c a n i c  r o c k .  T he se  t y p e s  g r a d e  i n t o  e a ch  o t h e r  
and r e p r e s e n t  g r a d a t i o n s  i n t o  d i f f e r e n t  t e c t o n i c  e n v i r o n m e n t s ;  S u p e r i o r  
i n c l u d e s  s h e l f  t o  s l o p e  and g r a d e s  i n t o  t h e  d e e p e r  w a t e r ,  v o l c a n i c  a r c ,  
o c e a n i c  r i d g e ,  o r  r i f t  r e l a t e d  e n v i r o n m e n t s  o f  t h e  A l g o m a - t y p e .
W i l s o n  ( 1 9 8 1 a )  b e l i e v e s  t h a t  t h e  Ruby Range i r o n - f o r m a t i o n  b e s t  
f i t s  i n t o  t h e  v o l c a n o g e n i c  A lg om a  t y p e  b e c a u s e  o f  i t s  c l o s e  a s s o c i a t i o n  
w i t h  a m p h i b o l i t e s  and h i s  b e l i e f  t h a t  t h e  D i l l o n  g n e i s s  h a s  a g r e y w a c k e  
p r o t o l i t h .  F i e l d  r e l a t i o n s  i n  t h i s  s t u d y  a l s o  show a c l o s e  a s s o c i a t i o n  
o f  i r o n - f o r m a t i o n  and b a s a l t i c  a m p h i b o l i t e .  H o w e v e r ,  i f  one  c o n s i d e r s  
a s l i g h t l y  b r o a d e r  t h a n  o u t c r o p  a s s o c i a t i o n ,  i t  i s  c l e a r  t h a t  
a m p h i b o l i t e s  a r e  s u b o r d i n a t e  i n  t h e  a s s o c i a t i o n  c om pa red  t o  d o l o m i t i c  
m a r b l e ,  q u a r t z i t e ,  and s h a l e .  T h i s  b r o a d e r  a s s o c i a t i o n  i s  common f o r  
i r o n - f o r m a t i o n  t h r o u g h o u t  t h e  b a s e m e n t  o f  s o u t h w e s t e r n  M o n ta n a  ( B a y l e y  
and Jam es ,  1 9 7 3 ) .  T h u s ,  I b e l i e v e  t h e  i r o n  f o r m a t i o n  i n  t h e  C h e r r y  
C reek  Group  b e s t  f i t s  t h e  S u p e r i o r  t y p e .  The o x i d e  and s i l i c a t e  
m i n e r a l s  i n  t h e s e  i r o n - f o r m a t i o n s  ( s e e  t a b l e  5)  a r e  a l s o  c o n s i s t e n t  
w i t h  t h e  S u p e r i o r  t y p e .
One p r o b l e m  w i t h  t h i s  i n t e r p r e t a t i o n  i s  t h a t  S u p e r i o r  t y p e  i r o n -
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formation is common only in Proterozoic sequences (Gross, 1980; 
Eriksson, 1983). This is probably the result of varying tectonic 
conditions rather than unique factors, such as atmospheric and 
biological changes, influencing the sedimentation of iron-formation 
(Gross, 1980). Windley (1984, pg.13) considered this problem, and 
suggested that iron-formation associations like that of the Cherry 
Creek Group represent a proto-Superior type that formed at a time when 
stable cratons were short lived. These iron-formations are distinct 
from the Algoma type common in greenstone belts. Windley emphasizes 
the important difference between; 1) greenstone belt sedimentary 
sequences of elastics, greywacke, flysch, conglomerate, shale, and 
Algoma iron-formation, that accumulate as unstable turbidite type deep 
sea deposits and 2) Archean high-grade supracrustal sequences like the 
Cherry Creek Group that accumulate in shallow water shelf to slope 
stable tectonic environments. These iron-formations probably 
accumulated on a semi-stable continental slope during a period of 
submarine volcanism in which associated amphibolites and possibly 
cherts were forming.
Amphibolite
Basaltic amphibolites make up one of the major rock types of the 
Cherry Creek Group. They are everywhere concordant, forming thin (5 cm 
to 2 m) interlayers with pelitic schists, thick layers (up to 250 
meters) traceable for several kilometers along strike but variable in 
thickness, and small discontinuous lenses. Figure 2 shows only the
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m ore  p r o m i n e n t  u n i t s .  The p e l i t i c  s c h i s t  u n i t s  com m on ly  h a v e  t h i n  
a m p h i b o l i t e  i n t e r l a y e r s  (up  t o  15 ' / . ) .  F i g u r e  ^  ( p .  16) shows 
i n t e r  l a y e r i n g  o f  a m p h i b o l i t e  and p e l i t i c  s c h i s t  w i t h  t h e  a m p h i b o l i t e  
l a y e r s  r a n g i n g  f r o m  5 cm t o  2 m.
A m p h i b o l i t e  o u t c r o p s  a r e  b l o c k y  and r i b b e d  r e f l e c t i n g  t h e  good 
s u b v e r t i c a l  d e v e l o p m e n t  o f  c l e a v a g e .  On w e a t h e r e d  s u r f a c e s  t h e y  a r e  
d a r k  b r o w n  t o  b l a c k .  O u t c r o p s  a r e  g e n e r a l l y  h o m o g e n o u s .  H o w e v e r ,  on 
some w e a t h e r e d  s u r f a c e s  s l i g h t  c e n t i m e t e r  s c a l e  l a y e r i n g  o f  l i g h t e r  and 
d a r k e r  l a y e r s  c a n  be  s e e n .
Hand s a m p l e s  p r e s e n t  a " s a l t  and p e p p e r "  a p p e a r a n c e  w i t h  r o u g h l y  
e q u a l  p r o p o r t i o n s  o f  s l i g h t l y  f o l i a t e d  h o r n b l e n d e  and p l a g i o c l a s e  
m a k in g  up m os t  o f  t h e  r o c k .  C o n s p i c u o u s  p o r p h y r o b 1a s t s  o f  g a r n e t  
a v e r a g e  1 t o  ^  mm and r a n g e  f r o m  0 t o  20 '/. w i t h  0 t o  5*/. b e i n g  most  
common. I n  one  a r e a ,  a m p h i b o l i t e  was f o u n d  w i t h  20 '/. g a r n e t  
p o r p h y r o b l a s t s  up t o  2 cm i n  d i a m e t e r .  The r e a s o n  f o r  t h e  v a r i a t i o n  i n  
g a r n e t  c o n t e n t  i s  p r o b a b l y  r e l a t e d  t o  o r i g i n a l  c o m p o s i t i o n a l  
v a r i a t i o n s .  V e i n s  a r e  common,  b u t  v o l u m e t r i c a l l y  m i n o r .  Mos t  a r e  no 
more t h a n  2 mm w i d e ,  and t y p i c a l l y  c o n s i s t  o f  q u a r t z  and p l a g i o c l a s e .
T h i n  s e c t i o n s  r e v e a l  t h a t  t h e  a m p h i b o l i t e s  h a v e  a g r a n o b l a s t i c  
t e x t u r e  w i t h  w e l l  d e v e l o p e d  t r i p l e  j u n c t i o n s .  S l i g h t  f o l i a t i o n  i s  
d e f i n e d  by  h o r n b l e n d e .  L i g h t  and d a r k  m i n e r a l s  a r e  e v e n l y  d i s t r i b u t e d .  
The a m p h i b o l i t e s  a r e  f a i r l y  c o n s i s t e n t  i n  m i n e r a l  c o m p o s i t i o n ,  t a b l e  6 .  
F i g u r e  5 i s  an ACKFm p l o t  o f  t h e s e  r o c k s .  T h i s  p l o t  shows a m p h i b o l i t e -  
f a c i e s  a s s e m b l a g e s  f o r  t h e s e  r o c k s  and e m p h a s i z e s  t h e i r  c o n s t a n t  
c o m p o s i t i o n .  H o r n b l e n d e  and p l a g i o c l a s e  a r e  d o m i n a n t  w i t h  h o r n b l e n d e
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Table 6. Modal analyses of Cherry Creek Group amphibolites
Saiple ♦ (RA-) 6 17 19 22 26 31 32 33 34 35 36 37
Hornblende 41 48 52 51 45 45 55 52 50 50 45 45
Plagioclase 44 35 43 40 50 45 33 26 25 15 40 45
Diopside —  5 tr 2 -- —  — 1 — 2
Barnet —  3 tr —  —  1 tr —  —  4 3
Quartz 3 7 2 3 2 - 3  2 3 2 2 4 3
Potassiui
feldspar —  2 1 —  —  tr 2 <1 —  3 2
Sphene —  1 1 <1 1 <1 1
Iron oxide —  1 1 1 2 <1 2 1 1 2  3 2
Apatite tr tr tr tr tr tr tr tr tr tr tr tr
Zircon tr tr -  -  tr -  tr -  -  -  tr tr
Muscovite —  -- —  —  ~~ "  __ ““ 1
Biotite 1 "  tr
Cuiiingtonite 5 —  ~  "  ~  ~  “  ““ tr
Actinolite —  __ ~  __ —  —  1 1 tr
Sericite 1 tr tr tr —  5 7 10 19 27 1 tr
Epidote -- tr tr 1 tr tr tr 2 <1
Chlorite   tr tr -  1 -  tr
Calcite -  -  -  tr -  -  tr 1 tr 1 <1
Heiatite -  -  - . . . -. . . . . . . . . .  tr -  tr tr tr tr
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A
Figure 5. ACKFm plot of Cherry Creek Group amphibolites showing 
amphibolite grade equilibrium assemblages. PI = 
plagioclase, Di = diopside, Hb = hornblende, Ga = garnet.
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b e i n g  s l i g h t l y  m ore  a b u n d a n t  t h a n  p l a g i o c 1a s e . Q u a r t z  and i r o n  o x i d e s  
a r e  g e n e r a l l y  p r e s e n t  i n  m i n o r  a m o u n t s  and d i o p s i d e ,  p o t a s s i u m  
f e l d s p a r ,  and g a r n e t  a r e  common,  b u t  m i n o r  i n  a m o u n t .  B i o t i t e  o c c u r s  
i n  a f e w  s a m p l e s ,  m u s c o v i t e  i n  o n e .  A l t e r a t i o n  m i n e r a l s  i n c l u d e  
e p i d o t e ,  s e r i c i t e ,  c h l o r i t e ,  c a l c i t e ,  a c t i n o l i t e  and c u m m i n g t o n i t e .
They  o c c u r  i n  t h i n  0 . 1  t o  0 . 2  mm v e i n s  w i t h  q u a r t z  and p l a g i o c l a s e ,  as 
a l t e r a t i o n s  n e a r  t h e s e  v e i n s ,  and as  a l t e r a t i o n s  o f  t h e  m a j o r  m i n e r a l s .
H o r n b l e n d e  i s  p l e o c h r o i c  f r o m  y e l l o w  t o  g r e e n  t o  g r e e n i s h  b r o w n .  
The g r a i n s  a r e  e l o n g a t e  f r o m  0 . 2  t o  1 . 5  mm l o n g  and d e f i n e  a s l i g h t  
f o l i a t i o n .  C l e a v a g e  i s  w e l l  d e v e l o p e d  and f r a c t u r e s  a r e  common. 
I n c l u s i o n s  o f  q u a r t z ,  i r o n  o x i d e s ,  p l a g i o c l a s e  and s p h e n e  a r e  common.
P l a g i o c l a s e  i s  A n 31- A n s o  w i t h  t h e  m a j o r i t y  b e i n g  a n d e s i n e ,  A n a t -  
A n s o .  U n t w i n n e d  p l a g i o c l a s e  i s  common b u t  a l b i t e ,  p e r i c l i n e  and l o c a l  
c a r l s b a d  t w i n s  a l s o  e x i s t .  S l i g h t  r e v e r s e  z o n i n g  and u n d u l o s e  
e x t i n c t i o n  w e r e  o b s e r v e d  i n  a f e w  s a m p l e s .  G r a i n s  a r e  g e n e r a l l y  
e q u a n t ,  a v e r a g i n g  0 . 2  t o  0 . 6  mm. A l t e r a t i o n  t o  s e r i c i t e  i s  e x t e n s i v e  
i n  some s a m p l e s ,  m i n o r  i n  o t h e r s .
G a r n e t ,  p r e s u m a b l y  a l m a n d i n e ,  i s  c l e a r  t o  p a l e  p i n k .  I t  o c c u r s  as  
p o i k i 1o b 1a s t i c  p o r p h y r o b l a s t s  a v e r a g i n g  1 . 5  t o  5 mm w i t h  i n c l u s i o n s  o f  
h o r n b l e n d e ,  q u a r t z ,  i r o n  o x i d e ,  c a l c i t e ,  and e p i d o t e .  C l i n o p y r o x e n e  o f  
t h e  d i o p s i d e - s a l i t e  s e r i e s  i s  p a l e  g r e e n  and o c c u r s  as  a n h e d r a l  
f r a c t u r e d  and c l e a v e d  g r a i n s  a v e r a g i n g  0 . 2  t o  0 . ^  mm. Q u a r t z  and 
p o t a s s i u m  f e l d s p a r ,  w h e r e  p r e s e n t ,  o c c u r  as  0 . 2  t o  O.^f mm g r a i n s  w i t h  
w e l l  d e v e l o p e d  u n d u l o s e  e x t i n c t i o n .
P o s s i b l e  p r o t o  1 i  t h s  f o r  a m p h i b o l i t e s  i n c l u d e :  1) b a s a l t i c  o r
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g a b b r o  s i l l s  and d i k e s ,  2 )  b a s a l t i c  f l o w s ,  3 )  b a s a l t i c  t u f f  o r  t u f f  
m ix e d  w i t h  c a r b o n a t e ,  s h a l e y  l i m e s t o n e  o r  c a l c a r e o u s  s h a l e ,  and 5)  
m e t a s o m a t i c a l l y  r e p l a c e d  m a r b l e  o r  p y r o x e n e  g r a n u l i t e .  P r o t o l i t h  5 i s  
e x c l u d e d  b e c a u s e ;  1) e v i d e n c e  s u c h  as  r e l i c t  c a r b o n a t e  t o  s u p p o r t  
m e t a s o m a t i c  r e p l a c e m e n t  i s  l a c k i n g ,  and 2 )  po d s  o f  m e t a - u l t r a m a f i c  r o c k  
a r e  common i n  t h e  a m p h i b o l i t e  l a y e r s ;  p o d s  o f  m e t a - u l t r a m a f i c  r o c k  a r e  
common w i t h  b a s a l t  p r o t o l i t h s  b u t  a r e  n o t  common ly  a s s o c i a t e d  w i t h  
m e t a s o m a t i c  a m p h i b o l i t e s  ( A . E . J .  E n g e l ,  p e r s o n a l  c o m m u n i c a t i o n ,  1 9 8 6 ) .
A s e d i m e n t a r y  o r i g i n ,  p r o t o l i t h  c an  be e x c l u d e d  b e c a u s e :  1) 
s h a l e y  l i m e s t o n e  o r  c a l c a r e o u s  s h a l e  p r o t o l i t h  a m p h i b o l i t e s  t e n d  t o  be 
c o m p o s i t i o n a l l y  l a y e r e d  as  w e l l  as  v a r i a b l e  a l o n g  s t r i k e ,  w h e r e a s  t h o s e  
o f  t h e  C h e r r y  C re e k  Group a r e  f o r  t h e  most  p a r t  u n l a y e r e d ,  and 
homogeneous  ( s e e  t a b l e  6 ,  and f i g u r e  5 ) ,  and 2 )  s e d i m e n t a r y  
a m p h i b o l i t e s  a r e  g e n e r a l l y  r i c h e r  i n  h o r n b l e n d e  t h a n  p l a g i o c l a s e ,  
a l m a n d i n e  i s  g e n e r a l l y  a b s e n t ,  and t h e y  may c o n t a i n  a b u n d a n t  b i o t i t e ,  
q u a r t z ,  d i o p s i d e ,  o r  e p i d o t e  (Hyndman 1985 ,  p .  ^ 8 1 - ^ 8 2 ) .  None o f  t h e s e  
a r e  c h a r a c t e r i s t i c  o f  t h e  C h e r r y  C ree k  Group a m p h i b o l i t e s .  These  
a m p h i b o l i t e s  a r e  o c c a s i o n a l l y  f o u n d  i n t e r l a y e r e d  w i t h  r o c k s  o f  c l e a r l y  
s e d i m e n t a r y  o r i g i n  ( p e l i t i c  s c h i s t s ) ,  w h i c h  i s  c h a r a c t e r i s t i c  o f  
s e d i m e n t a r y  a m p h i b o l i t e  p r o t o l i t h s .  H ow e v e r ,  t h e  a b o v e  c h a r a c t e r i s t i c s  
and t h e  l a c k  o f  g r a d a t i o n  b e t w e e n  t h e  a m p h i b o l i t e  and s e d i m e n t a r y  
i n t e r l a y e r s  l e a d  me t o  b e l i e v e  a b a s a l t i c  o r i g i n  i s  t h e  more p r o b a b l e .
E v i d e n c e  s u p p o r t i n g  a b a s a l t i c  p r o t o l i t h  f o r  t h e s e  a m p h i b o l i t e s  
i n c l u d e s :  1) The m i n e r a l s  p r e s e n t  and t h e r e  a b u n d a n c e s  a r e  
c h a r a c t e r i s t i c  o f  b a s a l t i c  p r o t o l i t h s .  H o r n b l e n d e  and p l a g i o c l a s e  a r e
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r o u g h l y  e q u a l  i n  abunda nce  and g a r n e t  i s  a common a c c e s s o r y .  2 )  The 
m i n e r a l o g y  i s  q u i t e  homogeneous ,  see f i g u r e  5 and t a b l e  6 .  3)  The
c h e m i c a l  c o m p o s i t i o n ,  d e t e r m i n e d  by B i e l a k  (1 9 7 8 )  and W i l s o n  (19 81 )  
shows a c l o s e  a f f i n i t y  t o  t h o l e i i t i c  b a s a l t s .  An AFM p l o t ,  f i g u r e  6 ,  
o f  t h e s e  c h e m i c a l  a n a l y s i s  shows a t h o l e i i t i c  t r e n d .  S i m i l a r  
a m p h i b o l i t e s  f r o m  t h e  Tobacco  Roo t  M o u n t a i n s  have  been a n a l y z e d  by 
B u r g e r  ( 1 9 6 9 ) .  P l o t s  o f  N i g g l i  magnesium a g a i n s t  p o t a s s i u m ,  n i c k e l  
a g a i n s t  c h ro m iu m ,  and magnesium a g a i n s t  ch rom ium  and n i c k e l ,  s u g g e s t  
t h e s e  a m p h i b o l i t e s  o r i g i n a t e d  f r o m  e x t r u s i v e  a n d / o r  c o n c o r d a n t  
i n t r u s i v e  i g n e o u s  r o c k s .  F i e l d  r e l a t i o n s  show t h a t  t h e s e  a m p h i b o l i t e s  
o r i g i n a t e d  i n  a se que nce  w i t h  i n t e r l a y e r e d  a r g i l l a c e o u s  s e d i m e n t s  
( B u r g e r ,  1969 ,  p . 1332) s i m i l a r  t o  many o f  t h o s e  f o u n d  h e r e .
The t h i c k e r  l a y e r s ,  up t o  250 m, may be e x p l a i n e d  by a f l o w  o r  
s i l l  o r i g i n ,  h o w e v e r ,  t h e  t h i c k n e s s  o f  t h e  t h i n  5 t o  30 cm l a y e r s  
i n t e r l a y e r e d  w i t h  p e l i t i c  r o c k s  i s  a t  odds w i t h  a f l o w  o r i g i n .
T h i n n i n g  due t o  d e f o r m a t i o n  i s  u n l i k e l y  b eca use  o f  t h e i r  c o n t i n u i t y  o f  
t h i c k n e s s  ( f i g u r e  *+). I f  d e f o r m a t i o n  were  r e s p o n s i b l e  one wo u ld  e x p e c t  
b o u d in a g e ,  and p i n c h  and s w e l l  b o r d e r s .  The p e l i t i c  u n i t  t h a t  c o n t a i n s  
a b u n d a n t  a m p h i b o l i t e  i n t e r l a y e r s  i s  g r a d a t i o n a l  t o  a t h i c k  150 m 
s e c t i o n  o f  a m p h i b o l i t e  w h ic h  s u g g e s t s  a common s o u r c e  and o r i g i n .  Most  
o f  t h e  t h i c k e r  l a y e r s ,  3 t o  250 m, p r o b a b l y  r e p r e s e n t  d o m i n a n t l y  f l o w s  
and s i l l s ,  and t h e  t h i n  5 t o  30 cm l a y e r s  d o m i n a n t l y  s i l l s .  I n  t h e  
G r a v e l l y  Range,  e a s t  o f  t h e  Ruby Range,  a s i m i l a r  r o c k  a s s o c i a t i o n  
e x i s t s  i n  an a r e a  o f  g r e e n s c h i s t - f a c i e s  m e tam orph ism .  G r e e n s to n e s  w i t h  
r e l i c t  p i l l o w  s t r u c t u r e s  a r e  p r e s e r v e d  ( B a y l e y  and James, 1 9 7 3 ) .  The
Na^O + K20 M g O
Figure 6. AFM plot of Cherry Creek Group amphibolites and similar 
amphibolites from the Tobacco Root Mountains, showing a 
tholeiitic trend. Open circles are plotted from data of 
Wilson (1981a) and the solid circle from Bielak (1978). 
FeO* = total iron.
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relationship of this sequence to that of the Ruby Range is unknown, 
however, similarities in the rock packages suggest similar origins for 
the amphibo1ites.
ORIGIN OF THE CHERRY CREEK GROUP
Most Cherry Creek rock types have sedimentary protoliths. The 
abundant dolomitic marble suggests a stable shallow to deep marine 
environment of deposition. The mineral and modally estimated chemical 
compositions (Wilson 1981a) of pelitic schists and gneisses are 
consistent with an aluminous shaley protolith. Actinolite and 
anthophyl1ite schists within these pelitic rocks are compositionally 
unusual and probably metasomatic in origin.
Calc-si1icate and related gneisses are compositionally 
intermediate and gradational to pelitic and carbonate rocks. They were 
probably deposited as impure dolomites (Rcs-1), calcareous sands, 
and/or calcareous muds (Rcs-3, Rcs-A). Meta-quartzite and meta­
conglomerates are minor. Composition and field relations suggest they 
w&re deposited as quartz sands, arkosic sands, calcareous sands, and
arkosic conglomerates.
The rock package of the Cherry Creek Group resembles technically 
stable shelf/slope assemblages of quartzite, carbonate, and shale. In 
the Canadian Cordillera stable shelf sequence, basic flows and some 
pyroclastics were deposited in the outer parts of the shelf wedgej 
presumably near the continental rise—slope transition. They are most 
abundant near the carbonate—shale transition (Wheeler and Gabrielse,
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1972). In the stable shelf sequence of the Great Basin, basaltic rocks 
occur as flows up to 300 m thick. Similarly, the amphibolites of the 
Cherry Creek Group are believed to be basaltic flows and sills.
In conclusion, the Cherry Creek Group probably accumulated as a 
shallow to deep marine shelf to slope sequence of dolomite, both 
siliceous and calcareous argillaceous sediments, and minor quartzitic 
and arkosic sands and conglomerates. Within this depositional sequence 
basaltic flows and sills, and minor chemically precipitated iron- 
formation and chert were also being deposited, possibly influenced from 
a nearby rift basin spreading center or island arc. The tholeiitic 
composition of these amphibolites, the sill origin of some of these 
amphibolites, and the lack of sediment contribution from an island arc 
source fits best with a rift environment.
DILLON GNEISS
The Dillon gneiss forms a concordant sheet 5 to 9 km thick 
(Garihan 1973) between the Cherry Creek and pre-Cherry Creek groups.
It is fairly homogeneous in composition and texture. Numerous folded 
layers of amphibolite and marble are concordantly interlayered with the 
gneiss (figure 2). Thin marble units (5 to 200 m) continue for as much 
as 6 km along strike, and tend to parallel the regional structure 
outside the gneiss. Amphibolite forms pods that are as small as 1 by 5 
m, and layers 1 to 200 m thick. Pods of ultramafic rock are scattered 
throughout the gneiss. They tend to be associated with the amphibolite
layers, commonly in the crest of the larger Fj folds. This occurrence
has also been noted by Desmarais (1978), and is attributed to movement 
of these small competent units into areas of low stress. In addition 
to the marble, amphibolite, and meta-ultramafic rocks within the Dillon 
gneiss, interlayered thin layers and pods of semi-pelitic gneiss exist 
near the contact of the Cherry Creek Group.
The contact of the Dillon gneiss and Cherry Creek rocks is sharp
and concordant (Okuma 1971, however, has reported finding discordant 
contacts). In one spot within the Sweetwater Pass study area, Dillon 
gneiss is found as a 15 to 20 m layer within a marble unit (figure 2). 
Similar inter layering of the Dillon gneiss and Cherry Creek rocks has 
been reported by other workers (Heinrich 1960, Okuma 1971) and is not 
confined to marble units as in the present study. Heinrich (1960)
3^
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believes that the total thickness of the Cherry Creek Group includes 
about 10% intruded Dillon gneiss.
The contact of the Dillon gneiss and the pre-Cherry Creek rocks is 
concordant with the two units inter 1ayering over a wide area. The 
contact of the pre-Cherry Creek and Dillon gneiss units on figure 3 
marks the western most mappable appearance of the Dillon gneiss. 
Heinrich (1960) and Okuma (1971) mapped several thick layers of Dillon 
gneiss within the pre-Cherry Creek gneisses in the southeastern part of 
the range.
Structure in the Dillon gneiss is similar to that in the Cherry 
Creek rocks, suggesting that they have been been deformed together. Fx 
folding appears as mesoscopic isoclinal folds in banded gneisses.. This 
folding event is also represented by less obvious megascopic isoclinal 
folds best seen within the sequences of interlayered Dillon gneiss, 
amphibolite, semi-pelitic gneiss, and ultramafic rock near the contact 
of the Cherry Creek rocks. Fa folding is represented by large open 
folds, best seen folding the thin layers of amphibolite and marble.
Gneisses of the Dillon gneiss unit include:
Quartz-feldspar gneiss 
Biotite gneiss 
Garnet gneiss 
Garnet Hornblende gneiss
Semi-pelitic gneiss 
These gneisses, excluding the semi-pelitic gneisses, are fairly 
homogeneous in composition, having only slight variations in mafic 
mineral abundances (see table 7). A study by Garihan and Williams 
(1976), on the Dillon gneiss, revealed heterogeneities not emphasized
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i n  t h i s  s t u d y .  T h e s e  may be  p a r t l y  d u e  t o  t h e  p r e s e n c e  o f  p e g m a t i t i c  
r o c k s  and l a y e r s  o f  s e d i m e n t a r y  s e m i - p e l i t i c  g n e i s s e s  n o t  s e p a r a t e l y  
c o n s i d e r e d  w i t h i n  t h e i r  d a t a .
Q u a r t z - f e l d s p a r  G n e i s s
Q u a r t z - f e l d s p a r  g n e i s s e s  a r e  t h e  m o s t  a b u n d a n t  r o c k  t y p e  i n  t h e  
D i l l o n  g n e i s s .  M o s t  c o n t a i n  l e s s  t h a n  3% m a f i c  m i n e r a l s .  L e s s  common 
v a r i e t i e s  c o n t a i n  up t o  8% m a f i c  m i n e r a l s ,  i n c l u d i n g  g a r n e t ,  b i o t i t e ,  
h o r n b l e n d e ,  and i r o n  o x i d e s .  T a b l e  7 g i v e s  t h e  e s t i m a t e d  modal  
a b u n d a n c e s  f o r  s e v e r a l  o f  t h e s e  g n e i s s e s .  F i g u r e  7 i s  a q u a r t z -  
p l a g i o c l a s e - p o t a s s i u m  f e l d s p a r  p l o t  o f  t h e s e  g n e i s s e s .  T h i s  p l o t  shows  
t h e  c o m p o s i t i o n  o f  t h e s e  g n e i s s e s  t o  be w i t h i n  t h e  g r a n i t e  f i e l d  o f  t h e  
I . U . G . S .  c l a s s i f i c a t i o n  sche m e .
O u t c r o p s  o f  q u a r t z - f e l d s p a r  g n e i s s  t e n d  t o  be  r o u n d e d  and h a v e  
h i g h  r e l i e f .  S l i g h t  m e t a m o r p h i c  l a y e r i n g  was i s o c l i n a l l y  f o l d e d  d u r i n g  
F t  d e f o r m a t i o n .  L a y e r i n g ,  w h e r e  p r e s e n t ,  r a n g e s  f r o m  1 mm t o  10 cm and 
i s  d o m i n a t e d  by  p i n k  t o  g r e y  q u a r t z  and f e l d s p a r  a l t e r n a t i n g  w i t h  
l a y e r s  o f  q u a r t z ,  f e l d s p a r ,  and m i n o r  m a f i c  m i n e r a l s .  S h e a r i n g  d u r i n g  
d e f o r m a t i o n  may h a v e  a i d e d  i n  d e v e l o p i n g  t h i s  l a y e r i n g .
T h e s e  r o c k s  show v a r y i n g  d e g r e e s  o f  m e t a m o r p h i c  t e x t u r a l  
d e v e l o p m e n t  f r o m  n e a r l y  m a s s i v e  t o  h i g h l y  f o l i a t e d  and e v e n  l i n e a t e d  
t y p e s .  M i c a s  and f l a t t e n e d  and e l o n g a t e  q u a r t z  c r y s t a l s  d e f i n e  t h e  
f o l i a t i o n .  L i n e a t i o n s  a r e  common i n  t h e  g n e i s s e s  n e a r  t h e  D i l l o n  
g n e i s s - C h e r r y  C r e e k  Group  c o n t a c t .  They  w e r e  p r o d u c e d  by  t e c t o n i c  
d e f o r m a t i o n  t h a t  i n  some c a s e s  c r e a t e d  a m y l o n i t i c  t e x t u r e .
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Table 7. Modal analyses of the Dillon quartz-feldspar gneisses;
Rqf & Dqf=quartz-feldspar gneiss, Rbg=biotite-quartz-feldspar 
gneiss, Rgg=garnet-quartz-feldspar gneiss, Rhg=hornblende- 
quartz-feldspar gneiss.
Saiple 1 Rqf-2a Rqf-6 Rqf-7 Rqf-7a Dqf-3 Dqf-4 Dqf-5 Rbg-1 Rgg-3 Rhg-<
Plagiodase 13 20 18 30 30 14 35 15 32 28
Quartz 35 30 35 24 28 34 25 30 30 35
Potassiui
Feldspar
38 *7 38 45 40 50 36 40 25 30
Biotite — — <1 tr 2 — 2 5 — —
Huscovite <1 tr <1 tr — — - - <1 <1 —
Hornblende — — — — tr — — — — 3
6arnet 2 — 2 <1 — — <1 — 6 1
Iron oxide 1 2 — 1 <1 — tr tr 2 2
Zircon tr tr tr tr tr — tr tr — tr
Apatite - - — — — tr tr tr tr - - tr
Rutile tr — — — — — — — — —
Allanite - - — — — tr — tr <1 — —
Chlorite <1 1 tr — — t — tr — —
Epidote 2 — tr — — tr — <1 — —
Sericite 7 tr 7 tr <1 1 1 10 5 1
Heaatite 1 tr tr tr tr — tr — tr tr
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Quartz
Grani te
Alkal i  
fe ldspar
Plagioclase
Figure 7. Quartz-plagioclase-alkali feldspar plot of the Dillon
gneisses. All plot in the granite field of the I.U.G.S. 
classification scheme.
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Deformation also produced elongate quartz crystals with strong undulose 
extinction (see figure 8), cataclastic textures, flaser textures, and 
cleavage. Later recrystallization appears to have overprinted this 
early tectonic fabric, healing ragged edged quartz crystal boundaries 
and decreasing undulose extinction. Another interpretation could 
envision the texture in these rocks as the product of crystallization 
and movement of a partially crystallized melt in a high temperature and 
high pressure metamorphic environment where it solidified with a 
primary metamorphic fabric. In general, the intensity of the tectonic 
fabric in the Dillon gneiss decreases away from the Cherry Creek Group 
contact as an a 1lotriomorphic texture becomes dominant.
Except for the pegmatitic variety discussed below, the majority of 
the gneisses are fine- to medium-grained. Weathered surfaces are pink 
to white to yellow brown, and fresh surfaces are white to pink. Thin 
sections reveal an interlobate inequigranular granoblastic texture, 
figure 9.
These gneisses include pegmatitic varieties (sample Rqf-7) that 
form concordant foliated sheets and pods. The length of these bodies 
rarely exceeds 3 km (Okuma 1971). Quartz commonly has a graphic 
texture, which is very conspicuous in hand sample. Deformation 
produced cataclastic texture in some of the feldspars. The mineral 
composition of these pegmatitic gneisses is similar to the other 
gneisses and is given in table 7, sample Rqf-7. Heinrich (1960) 
described an unusual body that contains dumortierite, perthite, quartz, 
oligoclase, muscovite, and tourmaline. A younger group of pegmatites
kspar
Figure 8. Thin section showing deformation related elongated quartz 
crystals of the Dillon gneiss; black = iron oxide, pi = 
plagioclase, qtz = quartz, kspar = potassium feldspar.
u
3 mm
Figure 9. Thin section showing granob1 asitic texture of the Dillon
gneiss. Note the myrmekite (myr); pi = plagioclase, qtz = 
quartz, kspar = potassium feldspar, bi = biotite.
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t h a t  i s  g e n e r a l l y  unmetamorphosed and c r o s s c u t t i n g  i s  a ls o  p r e s e n t .
The age o f  th e s e  i s  unknown, however ,  the y  a r e  p r o b a b ly  post  Archean.
H e i n r i c h  ( 1 9 6 0 )  and G a r ih a n  (1 9 7 3 )  noted a p l i t i c  v a r i e t i e s  o f  
g n e i s s ,  t h a t  occur  as t h i n  s i l l s  o f  u n i fo rm  t h i c k n e s s .  They a re  f i n e  
g r a i n e d ,  u s u a l l y  g n e i s s i c ,  and poor in  m a f ic  m i n e r a l s .
As i s  e v i d e n t  from t a b l e  7 ,  potassium  f e l d s p a r ,  q u a r t z  and 
p l a g i o c l a s e  ( i n c l u d i n g  t h a t  a l t e r e d  to  s e r i c i t e )  a lways make up g r e a t e r  
than 90% o f  thes e  g n e is s e s .  B i o t i t e , - h o r n b l e n d e , g a r n e t ,  and i r o n  
o x id e  a r e  common a cc essory  m i n e r a l s .
Potass ium f e l d s p a r  i s  th e  most abundant m in e ra l  i n  a l l  o f  the  
q u a r t z - f e l d s p a r  g n e is s e s ,  a ve ra g in g  39%. Both o r t h o c l a s e  and 
m ic r o c 1 in e  a r e  p r e s e n t ,  commonly i n  the  same sample.  S t r i n g ,  v e i n ,  and 
b r a i d  p e r t h i t e  i s  f r e q u e n t l y  e n c o u n te re d ,  h i c r o c l i n e  i s  d i s t i n g u i s h e d  
by i t s  g r i d i r o n  t w i n n i n g .  I t  i s  u s u a l l y  found as 0 . 4  to  1 mm anhedra l  
g r a in s  t h a t  in  some cases has been c a t a c l a s t i c a l l y  formed.  L a r g e ,  2 to 
3 cm augen p o rp h y ro b 1a s t s  a r e  found l o c a l l y .  O r t h o c la s e  i s  g e n e r a l l y  
c o ars e r  th an  m i c r o c l i n e ,  fo rm in g  1 to  5 mm g r a in s  t h a t  a re  commonly 
f l a t t e n e d  and u n d u los e .  A l i g h t  dus ty  a l t e r a t i o n  to  s e r i c i t e  and 
kao1 i n i  t e (? )  has deve loped in  a few samples.
P l a g i o c l a s e ,  i n c lu d i n g  t h a t  a l t e r e d  to s e r i c i t e ,  averages  27%. I t  
i s  o l i g o c l a s e ,  Anao to  An** . G ra in s  range in  s i z e  from 0 . 2  to  3 mm, 
w i th  some o f  th e  s m a l l e r  g r a in s  be ing  c a t a c l a s t i c  in  o r i g i n .  Th in  r ims  
o f  more sodic  p l a g i o c l a s e  a re  p re s e n t  in  some samples,  r e v e r s e  zoning  
in  o t h e r s .  In  one sample ,  R q f - 7 a ,  the  a n o r t h i t e  c o n te n t  ranges from  
Aneo to An3 l  from core  to r i m ,  c r e a t i n g  r e v e r s e  zo n in g .  A n t i p e r t h i t e
was noted in sample Dgg-5, where potassium feldspar exists as 
inclusions parallel to the albite twinning. Myrmekite was found in 
samples Dgg-3 and Rbg-1 (see figure 9). Alteration to sericite and 
locally epidote is common. In some samples sericite makes up one third 
of the plagioclase.
Quartz averages 30*/*. It occurs as small 0.2 to 0.6 mm irregular 
undulose grains, and as 0.5 to 1.5 mm by 3 to 8 mm undulose flattened 
and stretched grains (figure 8). These larger grains are in highly 
deformed rocks. They are flattened parallel to foliation. In hand 
sample it is evident that these quartz grains are highly lineated. 
Inclusions of microcline exist.
Biotite, where present, is minor in amount, and is in some cases 
entirely altered to green chlorite. It is pleochroic from yellow to 
red brown, fine-grained (0.2 to 0.^ mm), and defines a foliation.
Garnet is present in minor amounts. It occurs as 0.^ to 4 mm pale pink 
porphyrob1asts. They are in some cases slightly flattened and commonly 
contain inclusions of biotite and iron oxides that parallel the 
foliation.
Sample Rghg-^a is a gneiss that contains minor hornblende.
Although no other gneisses containing substantial hornblende were found 
in this study, Garihan (1973) and Garihan and Williams (1976) have 
described biotite hornblende gneisses, garnet hornblende gneisses and 
hornblende biotite gneisses within the Dillon gneiss and state that 
these rock types are common, but not abundant. In all cases hornblende 
is minor. It is pleochroic from pale green to olive green and is
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concentrated in layers, where it defines a foliation.
Zircon, a common trace mineral, is dominantly subhedral but varies 
from anhedral partly rounded and elongate grains to euhedral stubby 
prismatic crystals.
Semi-pelitic Gneiss
Semi-pelitic gneisses contain appreciable amounts of sillimanite, 
garnet and biotite. They also contain less potassium feldspar and in 
some samples more plagioclase than the gneisses described above.
Gneiss types within this category include biotite-si11imanite-garnet 
gneiss and garnet-si11imanite-biotite gneiss. Mineral content suggests 
protoliths of shale and muddy sandstones. Table 8 gives the estimated 
modal abundances for some of these gneisses.
Semi-pelitic gneisses were found only in the Sweetwater Pass study 
area. The extent and shape of outcrop for these gneisses is difficult 
to determine. However, it appears that they form thin layers (1 to 3.5 
m) that continue for only short distances. The layers appear to have a 
consistent field association in which they are concordantly 
interlayered and folded with amphibolite and quartz-feldspar gneiss on 
a meter scale. In places the semi-pelitic gneisses contain F x 
isoclinally folded quartz and feldspar veins 1 to ^ cm wide. As can be 
seen in table 8 the composition of these gneisses is variable.
Plagioclase varies from 16% to 53%. The anorthite content is Aneo 
to Anea in the gneisses containing potassium feldspar, and Anao to An31 
in the samples containing no potassium feldspar. Crystals are 
anhedral, granob1astic, 0.^ to 1mm, and commonly albite twinned. One
Table 8. Modal analyses of semi-pelitic gneisses within 
the Dillon gneiss; Rbsgg=biotite-si11imanite- 
garnet-gneiss, Rgsbg=garnet-si11imanite-biotite 
gneiss
Sample # Rbsgg-5 Rgsbg-1 Rgsbg-2 Rgsbg-2b
Plagioclase 38 16 53 <*0
Quartz 20 18 20 1
Potassium Feldspar — 10 — 20
Biot i te 2 12 25
Muscovi te tr 1 tr tr
Sillimani te 10 8 8 10
Garnet 15 5 6 1
Iron oxide 3 2 <1 —
Zircon — tr tr tr
Apat i te — — — tr
Rut ile 1 — tr tr
Graphi te 1 — — —
Chlorite — — — tr
Epidote — — tr tr
Sericite 10 — 3 3
Hemat i te — tr tr —
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sample (Rgsbg-2) contains some larger (3 mm) undulose and locally bent 
crystals that are probably relic pre-metamorphic crystals.
Potassium feldspar exists in sample Rgsbg-1 as orthoclase and in 
Rgsbg-2b as gridiron twinned microcline. These feldspars occur as 0.1 
to 0.2 mm interstitial grains and as larger 1 to 2.5 mm grains. They 
are commonly undulose and perthite is present in both samples. Quartz 
varies from 1 to 20% and forms irregular grains from .1 to 3 mm.
Biotite varies from 2% to ^0%. It is found as pleochroic yellow 
to red brown fine-grained crystals concentrated in mafic layers, and 
defines a strong foliation. Garnet makes up between 1 and 15% of each 
sample. It is pale pink, probably almandine, the common garnet in 
rocks of this composition. It occurs as 2 to 10 mm poikilob 1astic 
porphyroblasts, in some cases slight flattened.
Sillimanite exists in every sample, making up 8 to 10% of the
total rock. It occurs as buff weakly pleochroic, diamond shaped cross- 
sections, and elongate needles. End sections are 0.2 to 0.^ mm and 
elongate crystals average 1 mm in length. One sample (Rbsgg-5) 
contains scattered 2 by 4 mm pods of sillimanite crystals. In most
samples, sillimanite is more evenly distributed in mafic layers.
Amphiboli te
Amphibolites exist as concordant pods and layers folded and 
interlayered with gneisses throughout the Dillon gneiss unit. Meta- 
ultramafic pods are commonly associated with the amphibolite layers. 
These amphibolites differ from those of the other units in mineral
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c o n t e n t  and f i e l d  c h a r a c t e r i s t i c s ;  h o w e v e r ,  t h e y  p r o b a b l y  h a v e  s i m i l a r  
b a s a l t i c  p r o t o l i t h s .
U n l i k e  t h e  p r e - C h e r r y  C re e k  and C h e r r y  C r e e k  g r o u p  a m p h i b o l i t e s  
t h e s e  a r e  l a y e r e d  i n  p l a c e s  and v e i n e d  w i t h  p l a g i o c l a s e  s e g r e g a t i o n s  
t h a t  c o n t a i n  l a r g e  c 1 i n o p y r o x e n e  c r y s t a l s  (up  t o  1 c m ) .  These  
a m p h i b o l i t e s  a r e  r e d d i s h  b r o w n  on w e a t h e r e d  s u r f a c e s ,  g r a y  on f r e s h  
s u r f a c e s ,  and l a c k  t h e  c h a r a c t e r i s t i c  " s a l t  and p e p p e r "  a p p e a r a n c e  o f  
t h e  p r e - C h e r r y  C re e k  and C h e r r y  C re e k  a m p h i b o l i t e s .
T a b l e  9 g i v e s  t h e  m i n e r a l  a b u n d a n c e s  f o r  s e v e r a l  o f  t h e s e  
a m p h i b o l i t e s ,  and f i g u r e  10 i s  a ACKFm p l o t  o f  t h e s e  r o c k s .  The 
a s s e m b l a g e :
P I  + Cpx + Opx + H b l  + Gar 
i s  a g r a n u l i t e  f a c i e s  m i n e r a l  a s s e m b l a g e  c h a r a c t e r i s t i c  o f  t h e s e  
a m p h i b o l i t e s .  T h i s  maybe a r e s u l t  o f  m e ta m o r p h i s m  i n  a r e l a t i v e l y  d r y  
e n v i r o n m e n t ,  r a t h e r  t h a n  u n d e r  t r u e  g r a n u l i t e  f a c i e s  t e m p e r a t u r e s  and 
p r e s s u r e s ,  w h i c h  w o u ld  be h i g h e r  t h a n  t h o s e  i n d i c a t e d  by  t h e  
s u r r o u n d i n g  r o c k s .
I n  t h i n  s e c t i o n  p l a g i o c l a s e  i s  se e n  t o  be t h e  d o m i n a n t  m i n e r a l  
w i t h  h o r n b l e n d e ,  d i o p s i d e ,  h y p e r s t h e n e ,  and i n  one s a m p le  (RA—̂ 0 )  
g a r n e t ,  each  m a k in g  up s i z a b l e  p o r t i o n s  o f  t h e  r e m a i n i n g  r o c k .  
S e g r e g a t i o n s  o f  l i g h t  and d a r k  m i n e r a l s  a r e  p r e s e n t  i n  some s a m p l e s ,  
h o w e v e r ,  a f i n e — t o  medium—g r a i n e d  m a s s i v e  g r a n o b l a s t i c  t e x t u r e  i s  
d o m i n a n t .  S t r a i n e d  g r a i n s  a r e  common and a weak c a t a c l a s t i c  t e x t u r e  i s  
l o c a l l y  d e v e l o p e d .  V e i n s  composed o f  p l a g i o c l a s e  t h a t  c o n t a i n  l a r g e  
(up t o  1 cm) d i o p s i d e  c r y s t a l s  a r e  commonly  p r e s e n t .
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Table 9. Modal analyses of amphibolites in the Dillon gnei ss
Sample # Rhg-^a RA-39 RA-40 RA-M RA-̂ +2 RA-
Plagioclase 55 50 30 ^9 ^8 53
Hornblende El 28 20 30 30 27
Diopside 16 15 25 11 8 8
Hypersthene 6 k 6 8 10
Garnet — — 15 — — —
Quartz — 2 2 1 1
Potassium
feldspar — 1 1 — 1 —
Biot i te — — — 1 — —
Iron oxide 2 1 3 2 1 1
Apatite tr tr — tr tr tr
Zircon tr — tr — tr tr
Ser ic i te tr tr tr tr — —
Hemati te tr — tr — tr tr
<♦8
A
Hyp
Figure 10. ACKFm plot of amphibolites in the Dillon Gneiss showing
granulite grade equilibrium assemblages. PI = plagioc1ase, 
Di = diopside, Hyp = hypersthene, Ga = garnet.
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Plagioclase is andesine or labradorite, An30-AnS 0 . Grain size 
ranges from 0.2 to 1.5 mm within each sample. Reverse zoning was found 
in one sample (RA-^0) and slight normal in another (RA-^3). Strain 
produced bent grains, undulose extinction, and cataclastic texture.
Hornblende is pleochroic from yellow to light brown and ranges in 
size from .1 to 3 mm. Pyroxene crystals with rims of hornblende along 
with gradational and unstable contacts of these minerals, figure 11, 
suggest hornblende is altering from pyroxene, possibly as a retrograde 
reaction.
Diopside is generally more abundant than hypersthene. These 
minerals are generally found as fine grains from 0.1 to 0.6 mm, 
however, locally 1 to 1.5 mm crystals exist. Crystals of diopside up 
to 1 cm are common in plagioclase veins. Hypersthene is colorless to 
very pale brown and is lighter colored than diopside which is slightly 
pleochroic from pale brown to pale green.
ORIGIN OF THE DILLON GNEISS
The origin of granitic gneiss has been a controversy for years. 
Butler (1969) summarized the basic models that are favored for the 
origin of granitic gneiss. These include,
1) Sedimentary-volcanic depositional model. Granitic gneiss 
results from the metamorphism of depositional sequences of sedimentary 
rocks, or volcanic rocks, with little change in original composition.
2) Magmatic model. The granitic rock results from the 
crystallization of a silicate melt intruded into older rock, mainly
50
2 mm
Figure 11. Thin section of amphibolite in the Dillon gneiss showing 
hornblende surrounding hypersthene. Hornblende may be 
altering from hypersthene as a retrograde reaction. Black 
is iron oxide, hbl = hornblende, hyp = hypersthene, cpx = 
diopside-sa1i te, and pi = plagioclase.
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along planes of bedding or schistosity, with intricate mechanical 
interfingering and much chemical interaction.
3) Anatectic model. Pre-existing rocks were partially melted 
under conditions of fairly high temperature, load pressure, and water 
pressure, and the partial melt segregated into stringers and layers.
t+) Metasomatic model. Rocks were changed in place into granitic 
gneiss by introduction of required chemical constituents into the pre­
existing rocks and removal of constituents not needed.
Most of the theories concerning the origin of granitic gneiss can 
be classified under one of these categories or a combination of these 
categor ies.
The origin of the thick regionally monotonous quartzo-feldspathic 
gneiss, the Dillon gneiss, in the Ruby Range has been inconclusively 
debated for years. Heinrich (1960) proposed a synkinematic granitic 
intrusive origin. Smith (1980) and Okuma (1971) also favored a 
plutonic origin. Garihan and Okuma (197^) and Garihan and Williams 
(1976) argued for a sedimentary origin and suggested possible 
proto 1iths as arkosic rock, or mudstone/si 1tstone rich in illite and 
quartz(?). Later, Garihan (1979) equally accepts the possibility of a 
synkinematic pluton or a sedimentary protolith for the Dillon gneiss. 
James and Hedge (1980) favor a multiple origin with some of it being 
sedimentary, some igneous, and some remobilized basement rock. Wilson 
(1981a) suggests a sedimentary and volcanic sequence as a protolith. 
Although most workers, including the author, support one of these 
origins, they also admit that both sedimentary and igneous protoliths
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are possible.
Several characteristics of the Dillon gneiss such as concordant 
contacts, interlayered amphibolite and marble? lack of skarn associated 
with marble, associated pegmatites, lack of contact effects or evidence 
of a disruptive intrusion, compositional homogeneity, and granitic 
composition have been used as evidence of sedimentary and igneous 
origins. In many cases, the same characteristic has been interpreted 
in different ways to support different origins. Almost all these 
characteristics of the Dillon gneiss can be rationalized by both a 
sedimentary/volcanic metamorphic, or plutonic origin.
Consideration of these characteristics along with 1) an evaluation 
of the origin of the gneisses by looking at the rock association 
(including the Cherry Creek and pre-Cherry Creek groups), 2) its 
possible tectonic origin, and 3) making comparisons with other similar 
gneisses in which an origin is better known, leads me to favor a 
synkinematic intrusive origin for much of the gneisses. Infrequent 
consistent layering of semi-pelitic gneiss, quartz-feldspar gneiss and 
amphibolite suggests some of the gneiss is also sedimentary or volcanic 
in origin. Most likely, both sedimentary or volcanic, and intrusive 
granite make up the Dillon gneiss.
Deformation and metamorphism destroyed any primary igneous or 
sedimentary textures that may have been present in these gneisses.
Slight layering may be the result of metamorphism and deformation 
rather than an original sedimentary feature.
Concordant contacts and the lack of contact effects for the Dillon
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g n e i s s  h a v e  b e e n  u s e d  as  e v i d e n c e  o f  a s e d i m e n t a r y  o r i g i n .  H o w e v e r , 
t h i s  n e e d  n o t  be  t h e  c a s e .  B u d d i n g t o n  ( 1 9 5 9 )  o b s e r v e d  t h a t  d e e p l y  
e m p l a c e d  s y n k i n e m a t i c  i n t r u s i o n s  a r e  c h a r a c t e r i s t i c a l l y  c o n c o r d a n t  t o  
t h e i r  c o u n t r y  r o c k .  S i m i l a r l y ,  s t u d i e s  i n  t h e  C o a s t  P l u t o n i c  C om p lex  
o f  B r i t i s h  C o l u m b i a  ( H u t c h i s o n ,  1 9 8 2 ) ,  o n e  o f  t h e  b e s t  s e c t i o n s  o f  
e x p o s e d  l o w e r  c r u s t  i n  w h i c h  d e e p  p l u t o n i c  f e a t u r e s  c a n  b e  s t u d i e d ,  
h a v e  s how n  t h a t  c o n c o r d a n t  c o n t a c t s  a r e  common.  T h e s e  s t u d i e s  a l s o  
show t h a t  t h e s e  deep  i n t r u s i o n s  i n t r u d e  p a s s i v e l y .
S e v e r a l  A r c h e a n  h i g h - g r a d e  t e r r a i n s  c o n t a i n  c o n c o r d a n t  i n t r u s i v e  
g r a n i t i c  r o c k  ( W i l s o n  1 9 7 2 ,  M c G r e g o r  1 9 7 3 ,  J a n a r d h a n  e t  a l  1 9 7 7 ) .  I n  
f a c t ,  r e v i e w  o f  t h e  l i t e r a t u r e  s how s  c o n c o r d a n t  c o n t a c t s  t o  be  j u s t  as  
common as  d i s c o r d a n t  o n e s .  M c G r e g o r  ( 1 9 7 3 ) ,  d e s c r i b i n g  p l u t o n i c  
g n e i s s e s  i n  t h e  G o d th a b  d i s t r i c t  o f  West  G r e e n l a n d ,  s t a t e d  t h a t  i n t e n s e  
s t r a i n  d e f o r m a t i o n  was s u f f i c i e n t  t o  r o t a t e  e a r l i e r  s t r u c t u r e s  u n t i l  
t h e y  becam e p a r a l l e l ,  a l s o  t h a t  many o r i g i n a l l y  d i s c o r d a n t  c o n t a c t s  a r e  
now c o n c o r d a n t .  W i l s o n  ( 1 9 7 2 )  b e l i e v e s  t h a t  t h e  i n t e r f a c e  b e t w e e n  
b a s e m e n t  and c o v e r  was an  i m p o r t a n t  c o n t r o l  f o r  t h e  c o n c o r d a n t  s h e e t  
i n t r u s i o n s  o f  g r a n i t i c  r o c k  i n  t h e  R h o d e s i a n  A r c h e a n  c r a t o n .  S t r o n g  
d e f o r m a t i o n  o c c u r r e d  i n  t h e  Ruby Range  and i n t r u s i o n  c o n t r o l  may h a v e  
o c c u r r e d  a l o n g  t h e  C h e r r y  C r e e k —P r e - C h e r r y  C r e e k  c o n t a c t .  T hese  
p r o c e s s e s  may h a v e  c o n t r i b u t e d  t o  t h e  c o n c o r d a n c y  o f  t h e  D i l l o n  g n e i s s .
The p r e s e n c e  o f  i n t e r l a y e r e d  a m p h i b o l i t e  i s  e a s i l y  e x p l a i n e d  by  
s e d i m e n t a r y ,  v o l c a n i c ,  and p l u t o n i c  p r o c e s s e s  o f  o r i g i n  f o r  t h e  D i l l o n  
g n e i s s .  I n  s e d i m e n t a r y  and v o l c a n i c  s e q u e n c e s  t h e y  may r e p r e s e n t  
b a s a l t i c  f l o w s  and t u f f s  o r  p o s s i b l y  s i l l s .  The a b u n d a n t  a m p h i b o l i t e
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in granitic plutonic rocks is either basaltic dikes and sills, or 
inclusions of the country rock. Some of the amphibolites in the Dillon 
gneiss may have originated as basaltic flows as part of the Cherry 
Creek Group, which were later included in the Dillon gneiss as 
inclusions and layers within and between sheets of intruded granite. 
Figures 5 (p. 27) and 10 (p. 48) are ACKFm plots of the amphibolites 
from the Cherry Creek Group and Dillon gneiss, respectively.
Comparison of these plots shows that although the stable mineral 
assemblages are different, upper amphibolite for the Cherry Creek and 
granulite for the Dillon gneiss, the location of the samples within the 
diagram are very close. Thus, the difference in mineral composition 
between the amphibolites of the Cherry Creek Group and those of the 
Dillon gneiss (compare tables 6 and 9) appears to be due more to 
differences in the conditions of metamorphism rather than of 
composition. However, this conclusion awaits chemical evaluation.
It is possible that these amphibolites are sills. If so, they 
were injected before or during deformation and folded with the gneiss 
during deformation. Synplutonic basaltic dikes are abundant in many 
deep-seated granitic batholiths such as the Idaho batholith (Hyndman,
1985), amounting to as much as 20% of the batholiths volume (Foster,
1986). Amphibolites within granitic gneisses in other Archean terrains 
have been interpreted as dikes in some areas (McGregor, 1973) and as 
inclusions in others (Glikson, 1984). Especially common as xenoliths 
are mafic-ultramafic associations similar to that found here (Glikson, 
1984).
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The p r e s e n c e  o f  m a r b l e  as  l o n g  t h i n  l a y e r s  w i t h i n  t h e  D i l l o n  
g n e i s s  has  been i n t e r p r e t e d  by  G a r i h a n  and W i l l i a m s  ( 1 9 7 6 )  as  e v i d e n c e  
o f  a s e d i m e n t a r y  o r i g i n  f o r  t h e  g n e i s s e s .  They  b e l i e v e  t h a t  t h e  l a c k  
o f  s k a r n  and t h e  f a c t  t h a t  t h e  m a r b l e s  a r e  t r a c e a b l e  f o r  s e v e r a l  
k i l o m e t e r s  a l o n g  s t r i k e  r u l e  o u t  any  t h i n g  b u t  t h e  most  p a s s i v e  o r i g i n  
f o r  t h e  D i l l o n  g n e i s s .  T h u s ,  r a t h e r  t h a n  c a l l i n g  upon a p a s s i v e  
i n t r u s i o n  t h e y  f a v o r  a s e d i m e n t a r y  o r i g i n .  A p a s s i v e  i n t r u s i o n ,  w h ic h  
i s  common f o r  deep l e v e l  p l u t o n s ,  i s  p o s s i b l e  f o r  t h e  D i l l o n  g n e i s s .  
The m a r b le  u n i t s ,  l i k e  a m p h i b o l i t e s  and s e m i - p e l i t i c  g n e i s s e s ,  may be 
l a y e r s  and f r a g m e n t s  o f  t h e  C h e r r y  C reek  r o c k s  s e p a r a t e d  f r o m  t h e  ma in  
body  by i n t r u s i o n  o f  t h e  D i l l o n  g n e i s s .  I n  deep d r y  i n t r u s i o n s  where  
l i t t l e  o r  no g e o t h e r m a l  o r  f l u i d  g r a d i e n t  be tw e e n  i n t r u s i o n  and h o s t  
r o c k  i s  p r e s e n t ,  s k a r n  f o r m a t i o n  w o u ld  n o t  be e x p e c t e d .
G a r i h a n  and W i l l i a m s  ( 1 9 7 6 )  a p p e a l  t o  c o m p o s i t i o n a l  s i m i l a r i t y  i n  
p r o p o s i n g  an a r k o s i c  p r o t o l i t h .  H owever ,  b eca u se  m a r b l e s  and a r k o s e s  
make up a r a t h e r  u n u s u a l  r o c k  p a c k a g e ,  t h e y  a l t e r n a t e l y  c a l l  upon a 
muds tone  o r  s i l t s t o n e  r i c h  i n  i l l i t e  and q u a r t z ( ? )  as a p r o t o l i t h .  
W i l s o n  (1 9 81 a )  s u p p o r t s  t h e s e  p ro p o s e d  p r o t o l i t h s  and s u g g e s t s  t h a t  
r h y o l i t i c  v o l c a n i c s  may a l s o  be p r e s e n t .  I c o n s i d e r  t h e s e  p r o t o l i t h s  
im p r o b a b l e  f o r  much o f  t h e  g n e i s s e s  b e c a u s e :  1) s e d i m e n t a r y  b e d d i n g ,  
s t r u c t u r e s ,  and c o n g l o m e r a t e  beds  a r e  commonly p r e s e r v e d  i n  h i g h  g r a d e  
r o c k s  and have  n o t  been  f o u n d  i n  t h e  D i l l o n  g n e i s s ,  2)  v o l c a n i c  
s t r u c t u r e s  o r  b r e c c i a s  t h a t  c o u l d  s u r v i v e  h i g h  g r a d e  m e tam orph ism  have  
n o t  been f o u n d  and ,  3)  t h e  homogeneous c o m p o s i t i o n ,  a l t h o u g h  p o s s i b l e  
w i t h  b o t h  v o l c a n i c  and s e d i m e n t a r y  o r i g i n s ,  i s  more c o n s i s t e n t  w i t h  an
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igneous origin.
The rock package association is not as compatible with a 
sedimentary or volcanic origin as with a plutonic origin. Review of 
the literature on Archean rocks shows: 1) meta-arkose and marble are an 
unusual and uncommon rock package, 2) marbles tend to be rare in 
greenstone belts, where Archean felsic volcanic rocks are commonly 
found, and 3) the only sequences of rocks that marble is commonly found 
in are very similar to the Cherry Creek Group. In several Archean 
high-grade terrains fragments of supracrustal sequences like the Cherry 
Creek Group are found within plutonic.gneisses (McGregor 1973, Neves et 
al 1982).
Figure 12 is a quartz-albite-orthoc1ase ternary plot of the Dillon 
gneiss (excluding the semi-pelitic gneisses). The composition of the 
Dillon gneiss falls near the ternary minimum, showing that the 
composition of the Dillon gneiss is that of a melt that would be
expected to form at the assumed PH^O conditions of ̂  to 8 kbars.
Corrections have been made for the albite component in potassium 
feldspar using the chart given by Deer et al (1963, p. 52), and the 
orthoclase component in plagioclase using tables of similar plagioclase 
analysis in Deer et al (1963. p. 112-113). A PH^O of ^ to 8 kbars is
used on the assumption that PHe0 equals load pressure. The metamorphic
section contains discussion on the known pressure, ^ to 8 kbars, of 
metamorph i sm.
Comparison of Figures 7 (p. 38) and 13 (p. 63), quartz- 
plagioc1ase-potassium feldspar plots of the Dillon gneiss and pre-
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Figure 18. Quartz-albite-orthoclase plot of the Dillon gneisses.
The solid circle is the estimated ternary minimum of this 
system for an anorthite content of 25 and pressures of 5 to 
7 kbars. Taken and modified from Luth (1976).
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Cherry Creek gneisses respectively, shows the composition of the Dillon 
gneiss to be very similar to anatectic portions of the pre-Cherry Creek 
migmatite. This is consistent with a possible origin of the Dillon 
gneiss by melting of the pre-Cherry Creek gneisses or similar gneisses 
underlying them. The anatectic portions of the pre-Cherry Creek 
migmatite show that rock compositions, as well as pressure and 
temperature conditions, were favorable for melting to form granite.
Hutchison (1982) divided the deep level plutons of the Coast 
Plutonic Complex, British Columbia, into three basic types. These 
include:
1) Autochthonous plutons. These plutons have been formed largely 
by melting and recrystallization of preexisting strata in place. Key 
characteristics are concordant contacts with the country rock, the 
presence of foliation, heterogeneity of the plutonic rock, and the 
presence of abundant migmatite within the plutonic sequence.
2) Parautochthonous plutons. These are plutons that show movement 
but have not traveled far from their origin. Characteristics of these 
plutons include; concordant contacts in many areas, the presence of 
foliation, the lack of pervasive and dominant migmatite, and the 
dominance of fairly homogeneous plutonic rock that grades laterally 
into migmatized sections of country rock.
3) A1lochthonous plutons. These plutons moved considerable 
distances from their origin. They are usually smaller and shallower 
than the other two types. They are generally discordant to the country 
rock, more homogeneous and have less of a metamorphic texture than the
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above types.
The Dillon gneiss body appears to compare best with the 
parautochthonous plutons. If igneous, it is probably a sheet like 
intrusion that travelled only a short distance from its source. The 
presence of a strong foliation and shear deformation features suggest 
that the body may have been partly solid during intrusion. The 
heterogeneities of the Dillon gneiss which are emphasized by Garihan 
and Williams (1976) are within the range of those expected for this 
type of intrusion.
If the Dillon gneiss is dominantly sedimentary in origin it may 
represent an early clastic phase deposited during early rifting, before 
stable shelf sedimentation of the Cherry Creek Group. The abundant 
amphibolite in both these units supports a rifting environment of 
deposi t ion.
I consider the origin of the Dillon gneiss an unsolved problem, 
however, I do believe both sedimentary and granitic intrusive rocks are 
present in the gneiss. I favor a deep synkinematic plutonic origin for 
much of the gneiss. Intrusion may have been partly controlled by the 
Cherry Creek/pre-Cherry Creek contact. During intrusion, inclusions 
and layers of amphibolite, semi-pelitic gneiss, marble and meta- 
ultramafic rock, which originated as part of the Cherry Creek Group, 
may have been incorporated within and between sheets of intrusive 
granite. Also incorporated between sheets of granite may have been 
arkoses or siltstone, however, I believe this minor in comparison to 
plutonic gneiss.
PRE-CHERRY CREEK GROUP
Outcrops of the pre-Cherry Creek rocks exist in the southeastern 
and east-central parts of the Ruby Range (figure 1). The pre- 
metamorphic thickness of the unit is unknown because it is fault 
bounded on the east* and because of unknown structural transposition 
within the unit. A two kilometer section of these rocks was studied, 
figure 3. Rock types in this section include:
1) Biotite and Garnet-Biotite-Quartz-Feldspar Gneiss 
3) Garnet-Si11imanite-Biotite-Quartz-Plagioc1ase Gneiss 
Hornblende Gneiss and Hornb1ende-Biotite Gneiss 
5) Amphibolite
Table 10 gives representative estimated modal abundances for these 
gneisses, and figure 13 is a quartz-plagioclase-potassium feldspar plot 
of these gneisses. The contact between the pre-Cherry Creek gneisses 
and Dillon gneiss is concordant with the two inter layering over a broad 
area. The contact on figure 3 marks the western most mappable 
appearance of the Dillon gneiss. Within 0.5 to 1 km of this contact 
Dillon gneiss is dominant. The zone of gradation consists of veins and 
layers of Dillon gneiss from 1 cm to several meters wide alternating 
with layers and patches of pre-Cherry Creek biotite gneiss. The pre- 
Cherry Creek gneisses are compositionally variable and continue for 
only short distance along strike. Because of this, the rock types were 
not mapped individually but as generalized groups defined by the
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Table 10. Modal analyses of pre-Cherry Creek gneisses; FBG=fine 
grained biotite-quartz-p1agioclase gneiss, CBG=coarse 
biotite quartzofeldspathic gneiss
Saiple I FB6-1 FBS-2 FB6-7 CB6-2 CB6-3a CB6-3b CB6-4
Plagiodase 58 50 67 19 14 20 21
Quartz 34 30 20 30 35 33 30
Potassiu* 1 10 1 45 50 40 41
Feldspar
Biotite tr tr 10 1 tr 4 3
Hornblende — - - - - — — - - —
Silliiani te — — tr — — — —
6arnet — — - - - - — — —
Iron oxide <1 1 <1 - - tr 1 tr
Zircon tr tr tr — — tr <1
Apatite — tr tr tr — tr tr
Rutile — — — — — — —
Tounaline — — — — — — —
Calcite — — - - — — — —
Chlorite 5 5 <1 <1 tr tr 1
Epidote — 1 - - <1 tr — —
Sericite 2 5 2 3 1 2 4
Heiatite tr tr
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Table 10. (cont) Quartz plagioclase gneisses; BGG=biotite-garnet
gneiss, SG=garnet-si11imanite-biotite gneiss, 
HG=hornblende gneiss, HBG=hornblende-biotite 
gneiss.
Sample 1 B6G-1 SG-1 S6-3 H 6 - H HG-3 HBG
Plagioclase 63 44 40 45 47 48
Quartz 20 40 40 15 7 29
Potassium 1
Feldspar
Biotite 7 5 7 — 1 tr
Hornblende — — _ 40 43 7
Sillimanite — 4 6 ___ __ _
Garnet * 4 3 — — _
Iron oxide 1 2 4 — <1 <1
Zircon <1 tr tr — tr tr
Apatite tr — - - - - - - —
Rutile — <1 tr — — —
Tourmaline — — — — — tr
Calcite — — — — tr —
Chlorite — — — — <1 10
Epidote — - - — — tr 2
Sericite — 1 — — 1 2
Hematite tr tr tr
* Hand sample estimation
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Quartz
Granite
Alkal i  Plagioclase
feldspar
Figure 13. Quartz-plagioclase-alkali feldspar plot of the pre-Cherry 
Creek Group gneisses (triangles). The circle plots are 
anatectic pods and veins (coarse biotite gneiss) in these 
migmatized gneisses.
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dominant rock types (figure 3). These rocks contain quartzofeldspathic 
and quartz veins, and migmatites. They are generally more mafic, 
richer in plagioclase, more variable in texture an mineral content, and 
better layered and foliated than the Dillon gneisses. Retrograde 
greenschist facies metamorphism is common with production of chlorite 
and epidote.
Fine Grained Biotite and Biotite-Garnet-Quartz-Feldspar Gneiss
These gneisses are the most abundant rock type in the study area. 
They are pink to gray, fine-grained, folded, foliated and migmatitic. 
Metamorphism and deformation produced extensive millimeter- to 
centimeter-scale folded layering, and migmatization. Mafic layers are 
generally finer grained than felsic layers. In some areas where 
migmatization is extensive, thick granite veins, up to 15 m wide are 
common.
Thin sections reveal a dominant granoblastic texture of 
plagioclase and quartz, with widespread minor amounts of microcline 
(see table 10). Biotite, including that altered to chlorite, is 
typically present in amounts greater than 5%, and defines a strong 
foliation. In one sample traces of sillimanite were found growing from 
biotite. Alteration minerals include sericite and epidote from 
plagioclase and chlorite from biotite.
Plagioclase averaging 58% is andesine, An®* to An®*. Albite 
twinning is common but untwinned grains dominate. Grains are 0.5 to 2 
mm, sub- to anhedral, and generally granoblastic.
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Quartz averages 28% and forms 0.2 to 0.5 mm anhedral undulose 
grains that occur as inclusions in feldspar and as interstitial grain 
boundary fillings. Stretched and undulose 1 to 2 mm grains also exist 
in thin quartz-feldspar segregations.
Microcline, the common potassium feldspar, is typically only 1%, 
except that it may comprise 10% of the rock where layering and veining 
are extensive. Grains are 0.2 to 0.^ mm, anhedral, and interstitial to 
plagioclase. In one of the more extensively layered and veined samples 
(FBG-2) microcline is common in quartzo-feldspathic veins as 1 to 2 mm 
undulose grains.
Zircons, which exist in all samples, are generally anhedral and 
rounded to slightly elongate. Hyndman <1985, p. ^83) suggest that 
rounded and irregular zircons are evidence of a sedimentary origin for 
gneisses.
Coarse Biotite Quartzofeldspathic Gneiss,
These gneisses probably originated by partial melting of potassium 
feldspar-rich fine grained biotite-quartz-plagioclase gneisses or 
similar gneisses, and may be part of the Dillon gneiss. They occur as 
centimetei— sized pods with mafic selvages, centimeter— to meter—sized 
veins with pinch and swell borders and mafic selvages, and most 
commonly as injection veins up to 15 meters thick intimately associated 
with fine grained biotite-quartz-plagioclase gneiss. They differ from 
the fine grained biotite-quartz-plagioclase gneiss in texture as well 
as composition (see table 10). Unlike the fine grained biotite 
gneisses, these gneisses arej 1) coarse-grained, 2) unlayered, 3)
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ho m o g e n e o u s ,  *f) f a i r l y  m a s s i v e  w i t h  b i o t i t e  o n l y  r a r e l y  d e f i n i n g  a 
s l i g h t  f o l i a t i o n ,  5 )  r i c h  i n  p o t a s s i u m  f e l d s p a r ,  and 6)  l ow  i n  m a f i c  
m i n e r a l s ,  i n v a r i a b l y  l e s s  t h a n  5*/.. They  r e s e m b l e  t h e  m a s s i v e  p a r t s  o f  
t h e  D i l l o n  g n e i s s  and v a r y  o n l y  t e x t u r a l l y  f r o m  t h e  r e s t  o f  i t .  F i g u r e  
13 ( p .  6 3 ) ,  a q u a r t z - p 1a g i o c l a s e - p o t a s s i u m  f e l d s p a r  p l o t  o f  t h e  p r e -  
C h e r r y  C re e k  g n e i s s e s ,  c o n t a i n s  p l o t s  o f  t h e s e  g n e i s s e s .  A c o m p a r i s o n  
o f  t h e s e  p l o t s  w i t h  f i g u r e  7 ( p .  3 8 ) ,  a s i m i l a r  p l o t  o f  t h e  D i l l o n  
g n e i s s e s ,  r e v e a l s  t h e  c o m p o s i t i o n a l  s i m i l a r i t i e s .  T h ese  g n e i s s e s  a r e  
p i n k  and h a v e  a f a i r l y  s i m p l e  and c o n s i s t e n t  m i n e r a l  c o n t e n t .
P o t a s s i u m  f e l d s p a r  i s  t h e  m os t  a b u n d a n t  m i n e r a l ,  a v e r a g i n g  ^9%. 
B o th  m i c r o c l i n e  and o r t h o c l a s e  a r e  p r e s e n t .  G r i d i r o n  t w i n n e d  
m i c r o c l i n e  d o m i n a t e s ,  and s t r i n g  and v e i n  p e r t h i t e  e x i s t  i n  a f e w  
s a m p l e s .  The g r a i n s  a r e  a n h e d r a l  and r a n g e  i n  s i z e  f r o m  1 t o  7 mm, 
a v e r a g i n g  ^  mm.
Q u a r t z  a v e r a g e s  28*/. as  h i g h l y  u n d u l o s e  2 t o  7 mm g r a i n s .  I n  some 
c a s e s  f l a t t e n e d  and s t r e t c h e d  q u a r t z  g r a i n s  d e f i n e  a f o l i a t i o n ,  
□ l i g o c l a s e  p l a g i o c l a s e ,  A n 10 t o  An = e , a v e r a g e s  18%. C r y s t a l s  a r e  1 t o  
3 mm, p a r t l y  s e r i c i t i z e d  (8  t o  20 p e r c e n t )  and o n l y  r a r e l y  t w i n n e d .
R ims o f  u n a l t e r e d  p l a g i o c l a s e  a r e  common. M y r m e k i t i c  i n t e r g r o w t h s  o f  
q u a r t z  and p l a g i o c l a s e  w e re  f o u n d  i n  two s a m p l e s .
G a r n e t - S i 1 1 i m a n i t e - B i o t i t e - Q u a r t z - P l a q i o c l a s e  G n e i s s
O u t c r o p s  o f  t h e s e  g n e i s s e s  a r e  s c a r c e ,  w i d e l y  s c a t t e r e d  and t e n d  
t o  ha v e  v e r y  l ow  r e l i e f .  They  a r e  d a r k  g r a y ,  w e l l  f o l i a t e d  and c o n t a i n  
a s l i g h t  c r e n u l a t i o n .  G r a i n  s i z e  v a r i e s  f r o m  f i n e  t o  medium on a
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centimeter scale. Migmatization produced numerous mafic and felsic 
segregations. Table 10 gives the modal abundances of the minerals in 
these gneisses.
Andesine plagioclase An30 to An3<*, is the most abundant mineral? 
averaging ^2%. Grains are anhedral, granob1astic, poikiloblastic, and 
vary in size from 0.2 to 2 mm. Albite and pericline twinning is 
common. Some plagioclase grains are flattened, and pods of coarse 
plagioclase and quartz are common. Graphic intergrowths of plagioclase 
and quartz exist in the felsic portions of some samples. Alteration to 
sericite is minor. Quartz averages ^0% and resembles plagioclase in 
occurrence and grain size. Quartz grains are not as poikiloblastic as 
plagioclase and undulose extinction is strong.
Biotite, sillimanite, and garnet each make up between 3 and 6%. 
Biotite is pleochroic from yellow to red-brown. Grains are 0.5 to 1.5 
mm in length and define a foliation as well as a slight crenulation. 
Sillimanite occurs as elongate crystals that are 0.1 mm wide and up to 
1 mm long. Thin sections cut perpendicular to foliation show 
sillimanite almost exclusively as diamond-shaped cross sections, which 
suggests that sillimanite is aligned in a lineation. Sillimanite is 
colorless to pale gray. It tends to concentrate in 0.5 mm finer- 
grained layers with biotite, garnet, plagioclase, and quartz, which 
alternate with quartz and feldspar layers. Pale pink garnet, probably 
almandine, occurs as slightly flattened poikilob 1astic porphyrob1asts
from 2 to 6 mm in diameter.
Zircon exists as "trains" of anhedral grains, see figure l̂ f. This
6B
1 mm
Figure 1^. Thin section of garnet-si11imanite-biotite-quartz-
plagioclase gneiss of the pre-Cherry Creek Group showing 
"trains'1 of rounded zircons. Black is iron oxide, 
qtz = quartz, pi = plagioclase, bi = biotite, sill = 
sillimanite, gar = garnet, and zir = zircon.
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p e c u l i a r  o c c u r r e n c e  p r o b a b l y  r e p r e s e n t s  o r i g i n a l  s e d i m e n t a r y  
c o n c e n t r a t i o n s  o f  h e a v y  m i n e r a l s .
H o r n b l e n d e  and H o r n b l e n d e - B i o t i t e  G n e i s s
M e d i u m - g r a i n e d  h o r n b l e n d e  and h o r n b l e n d e - b i o t i t e  g n e i s s e s  a r e  
e a s i l y  r e c o g n i z e d  i n  t h e  f i e l d  by  t h e i r  h o r n b l e n d e  c o n t e n t .  They  r a n g e  
i n  c o l o r  f r o m  b l a c k  and w h i t e  t o  s l i g h t l y  g r e e n i s h - b l a c k  and w h i t e ,  
d e p e n d i n g  on t h e i r  c h l o r i t e  c o n t e n t .  These  r o c k s  a r e  c o m p o s i t i o n a l l y  
v a r i a b l e  and g r a d e  f r o m  l a y e r e d  and v e i n e d  t o  u n l a y e r e d  t y p e s .  
I n t e r m e d i a t e  t o  t h e s e  l a y e r e d  and u n l a y e r e d  t y p e s  a r e  g n e i s s e s  t h a t  
c o n t a i n  s m a l l  p o d s  o f  q u a r t z  and p l a g i o c l a s e .  F e l s i c  s e g r e g a t i o n s  
c o n s i s t  a l m o s t  e n t i r e l y  o f  c o a r s e - g r a i n e d  q u a r t z  and p l a g i o c l a s e  w i t h  
l e s s  t h a n  1% p o t a s s i u m  f e l d s p a r .  M i g m a t i z a t i o n  i s  e x t e n s i v e  and 
i s o l a t e d  p o d s  and s w i r l s  o f  h o r n b l e n d e  g n e i s s  a r e  common ly  f o u n d  f o l d e d  
w i t h i n  f i n e  g r a i n e d  b i o t i t e - q u a r t z - p l a g i o c l a s e  g n e i s s .  M a f i c  s e l v a g e s  
o f  h o r n b l e n d i t e  w e r e  f o r m e d  d u r i n g  m e l t i n g .  V e i n s  o f  q u a r t z  as  w e l l  as  
p l a g i o c l a s e  and q u a r t z  a r e  c o n c o r d a n t  and f o l d e d  w i t h  t h e  h o s t  r o c k .
T he se  h o r n b l e n d e  g n e i s s e s  d i f f e r  f r o m  a m p h i b o l i t e s  i n  b e i n g  
l i g h t e r  c o l o r e d ,  c o a r s e r  g r a i n e d ,  r i c h e r  i n  q u a r t z ,  more v a r i a b l e  i n  
t e x t u r e  and m i n e r a l  c o n t e n t ,  l o c a l l y  c o n t a i n i n g  b i o t i t e ,  and by t h e i r  
e x t e n s i v e  m i g m a t i z a t i o n .  One 450  m e t e r  s e c t i o n  i n  t h e  s t u d y  a r e a  i s  
d o m i n a t e d  b y  f i n e  g r a i n e d  b i o t i t e - q u a r t z - p l a g i o c l a s e  g n e i s s  and 
i n t e r l a y e r e d  h o r n b l e n d e  g n e i s s  ( s e e  f i g u r e  3 ) .  T a b l e  10 g i v e s  t h e  
modes f o r  two h o r n b l e n d e  g n e i s s  s a m p le s  and one h o r n b l e n d e —b i o t i t e  
g n e i s s  s a m p l e .
P l a g i o c l a s e  and q u a r t z  c o n s t i t u t e  mos t  o f  a l l  t h e  g n e i s s e s .
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Potassium feldspar makes up only 1% of one sample. Plagioclase is 
oligoclase, Ane& to Anee, and is the dominant mineral averaging ^7%. 
Grains are 1 to 5 mm and generally granob1astic.
Hornblende content ranges from 11 to ^3%. The samples with less 
hornblende tend to have more biotite or chlorite. Hornblende is 
pleochroic from yellow to green, well cleaved and averages 2 to 3 mm. 
Foliation is slight and only locally defined by hornblende.
Biotite, when present, is generally altered to chlorite. Iron 
oxide, zircon, tourmaline and calcite are common trace minerals. 
Alteration minerals include sericite from plagioclase, and chlorite and 
epidote from biotite.
Amph ibo1i tes
In thin section, the amphibolites in the pre-Cherry Creek Group 
appear similar to those in the Cherry Creek Group. Table 11 gives 
estimated mineral abundances for these amphibolites.
Unlike the Cherry Creek amphibolites, pre-Cherry Creek 
amphibolites are not continuous as thick sequences. These amphibolite 
are widespread as small sills and concordant pods. Cross cutting 
relations reported by Garihan (1973) indicate that some of these 
amphibolites originated as dikes, and the folding of these dikes with 
their host rocks indicates pre- or syn-tectonic emplacement.
Hornblendites are rare and tend to associate with amphibolites. A 
typical sample consists of 88% hornblende, 8% iron oxide, 3% chlorite, 
and 1% or less of quartz and zircon. These may represent meta-
Table 11. Modal analyses of pre-Cherry Creek Group 
amphiboli tes.
Sample # (Am-) 1 2 8 9
Plagioclase 15 43 25 51
Quartz 1 2 1 1
Potassium
Feldspar
— tr — —
Diopside 8 ' 3 — tr
Hypersthene 1 — — —
Hornblende ^5 50 55 45
Cummingtonite — — 1 —
Iron oxide 10 <1 <1 2
Apat i te tr tr tr tr
Calc i te — — <1 —
Chlorite tr — — —
Epidote 1 <1 1 <1
Ser icite 20 2 15 1
Hematite tr tr __ _
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u l t r a m a f i c  r o c k ,  o r  some t y p e  o f  m e t a s o m a t i c a l l y  a l t e r e d  r o c k .
M iq m a t  i z a t  i o n
F o u r  m a j o r  p o s s i b i l i t i e s  f o r  t h e  o r i g i n  o f  m i g m a t i t e s  i n c l u d e ;  
i n j e c t i o n  o f  magmas t o  f o r m  g r a n i t o i d  v e i n s  o r  d i k e s ,  m e t a s o m a t i s m ,  
m e t a m o r p h i c  d i f f e r e n t i a t i o n ,  and p a r t i a l  m e l t i n g  o r  a n a t e x i s  t o  f o r m  
g r a n i t i c  po d s  and v e i n s  (Hyndman 1985 ,  p .  4 7 1 - V 7 8 ) .
M i g m a t i t e s  i n  t h e  p r e - C h e r r y  C reek  r o c k s  a p p e a r  t o  ha v e  f o r m e d  b y :
1) I n j e c t i o n  t o  f o r m  g r a n i t o i d  ( c o a r s e  b i o t i t e  q u a r t z o f e l d s p a t h i c  
g n e i s s )  v e i n s  and d i k e s  f r o m  20 cm t o  15 m w i d e ,  f i g u r e  15;  e v i d e n c e  
s u p p o r t i n g  t h i s  i s  s h a r p  c o n t a c t s  w i t h  t h e  h o s t  r o c k ,  g r a n i t o i d  
c o m p o s i t i o n  o f  t h e  v e i n s  t h a t  p l o t  n e a r  t h e  t e r n a r y  min imum on a 
q u a r t z - a l b i t e - o r t h o c l a s e  d i a g r a m  ( f i g u r e  16) and t h e  l a c k  o f  m a f i c  
s e l v a g e s  t o  s u g g e s t  d i f f e r e n t i a t i o n  o r  m e l t i n g  i n  p l a c e .
2)  P a r t i a l  m e l t i n g  and p o s s i b l y  m e t a m o r p h i c  d i f f e r e n t i a t i o n ,  t o  
f o r m  1 t o  5 cm w i d e  po d s  and v e i n s  o f  q u a r t z  and p l a g i o c l a s e  w i t h i n  
h o r n b l e n d e  g n e i s s  and f i n e  g r a i n e d  b i o t i t e - q u a r t z - p l a g i o c l a s e  g n e i s s ,  
and g r a n i t i c  m a t e r i a l  i n  p o t a s s i u m  f e l d s p a r  r i c h  f i n e  g r a i n e d  b i o t i t e -  
q u a r t z - f e l d s p a r  g n e i s s .  C h a r a c t e r i s t i c s  o f  t h e s e  i n c l u d e ,  b i o t i t e  
m a f i c  s e l v a g e s  a r o u n d  t h e  v e i n s  and p o d s ,  and " p i n c h - a n d - s w e l 1" b o r d e r s  
o f  t h e  v e i n s  ( s e e  f i g u r e  1 7 ) .
3) M e t a m o r p h i c  d i f f e r e n t i a t i o n  t o  f o r m  m i l l i m e t e r -  t o  c e n t i m e t e r -  
s c a l e  b a n d i n g  o f  l i g h t  and d a r k  l a y e r s  ( s e e  f i g u r e  1 7 ) .  T h i s  i s  
s u p p o r t e d  by t h e  l a c k  o f  i g n e o u s  c h a r a c t e r i s t i c s  f o r  t h e  q u a r t z -  
f e l d s p a r  l a y e r s .  F o r  e x a m p l e ,  p u r e  q u a r t z  l a y e r s ,  and q u a r t z  and 
p l a g i o c l a s e  w i t h o u t  p o t a s s i u m  f e l d s p a r  a r e  n o t  w h a t  w o u ld  be e x p e c t e d
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Figure 15. Picture of granitic injection vein in pre-Cherry Creek 
Group fine grained biotite-quartz-p1agioc1ase gneisses.
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Figure 16. Q u a r t z - a l b ite-orthoc1ase plot of anatectic pods and veins 
of the pre-Cherry Creek gneisses. The solid circle is the 
estimated ternary minimum of this system for an anorthite 
content of 25 and pressures of 5 to 7 kbars. Taken and 
modified from Luth (1976).
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Figure 17. Picture of pre-Cherry Creek Group migmatite. Thin
continuous layers in this biotite rich migmatite are 
probably related to metamorphic differentiation. The 
thicker "pinch and sweel" bordered veins with mafic 
selvages may be anatectic in origin.
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from melting.
The pods and veins of coarse biotite-quartzofeldspathic gneisses 
are compositionally similar to the Dillon gneiss and are probably 
related to it in one or more ways. The injection veins could be either 
1) material intruded into the pre-Cherry Creek rocks from the intrusion 
of the Dillon gneiss or, 2) veins melted out of the pre-Cherry Creek 
rocks and intruded only a short distance through these rocks. The 
small pods and veins of granitoid composition that apparently formed 
through partial melting of the pre-Cherry Creek gneisses clearly show 
that these rocks experienced some melting and that some of the melt 
formed had a composition similar to the injection veins and the Dillon 
gneiss. Gradations from slight anatexis of the gneiss where mafic 
selvages exist to injection veins of the same composition suggest that 
partial melting of the pre-Cherry Creek rocks or similar rocks below 
could be the source for the injection veins, as well as of the Dillon
gneiss.
ORIGIN OF THE PRE-CHERRY CREEK GROUP
Detailed information on the pre-Cherry Creek unit is sparce. 
Garihan and Williams C197E) considered a sedimentary origin for the 
gneisses most likely. They believed this primarily because; 1) the 
garnet-si11imanite-biotite rocks have a composition that strongly 
suggests a shaley protolith, 2) the wide variation in feldspar and 
quartz contents in garnet-biotite gneiss, and 3) because all the 
gneisses are concordant, randomly inter 1ayered, and locally show
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gradational contacts.
Rounded zircons common in the fine grained biotite-quartz- 
plagioclase gneiss also support a sedimentary origin for this rock 
type. Layers of zircon in the garnet-si11imanite-biotite-quartz- 
plagioclase gneiss (figure U )  probably represent original sedimentary 
layering, where the zircons concentrated as heavy minerals. This as 
well as the composition, provide strong evidence for a sedimentary
protolith for the garnet-si1 1imanite-biotite-quartz-plagioclase
gneisses.
Hornblende gneisses and hornblende-biotite gneisses could have 
proto 1i ths of tonalite or mafic rich greywacke. One striking feature 
of these rocks is their intense migmatization. The rock association in 
the hornblende gneiss zone on figure 3 consists of fine grained 
biotite-quartz-feldspar gneiss, hornblende-biotite gneiss, and 
hornblende gneiss with associated quartz and plagioclase veins and 
pods. Winkler (1976, p. 311) showed that during migmatization 
hornblende is formed by the reaction:
Biotite + Plagioclase + Quartz — > Potassium Feldspar and Albite
component of Melt + Hornblende
Estimated compositions calculated from the mineral percentages, 
and field relations, support a possible residua1-melt relationship for 
the hornblende gneisses and the commonly associated quartz, minor 
potassium feldspar, and plagioclase rocks. Chemical compositions also 
suggest possible original rock types such as the fine grained biotite-
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quartz-plagioclase gneiss or hornblende-biotite gneiss. Thus, the 
react ion:
Biotite or Hornblende-Biotite Gneiss — > Hornblende Gneiss + Melt
may have operated during migmatization. It is possible that all the 
different rock types in this migmatized zone represent segregation of a 
more homogeneous original rock type through partial melting or 
metamorphic differentiation. If so, then a good portion of the 
hornblende gneisses in these rocks could be residual material from 
partial melting that occurred during migmatization to form felsic 
material. The abundance of hornblendite mafic selvages in the gneisses 
supports, but does not prove this hypothesis. In the present state of 
knowledge, this idea is only speculative. A sedimentary origin for the 
hornblende gneisses appears most probable from their inter layering with 
fine grained biotite-quartz-plagioclase gneiss, which I believe to be
of sedimentary origin.
A greywacke protolith for the gneisses of the pre-Cherry Creek 
Group would explain their composition. Compositional variations that 
exist in thick greywacke sequences can explain the wide variations in 
rock types and mineral percentages found in these gneisses. Thin mud 
layers common in modern greywacke sequences (Blatt et al, 1980, p. 373- 
375) may be represented here by garnet-si11imanite-biotite gneisses and 
chlorite schists found and described by Garihan (1973), and biotite 
schist (Heinrich, 1960). Available evidence suggests a sedimentary 
origin for the majority of the gneisses present in the pre-Cherry Creek
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u n i t ,  and I e x p e c t  f u r t h e r  d a t a  t o  s u p p o r t  a d o m i n a n t l y  s e d i m e n t a r y
o r i g i n  f o r  t h e s e  g n e i s s e s .
The c o m p o s i t i o n  o f  t h e  c o a r s e  b i o t i t e - q u a r t z o f e l d s p a t h i c  g n e i s s e s  
i s  w i t h i n  t h e  r a n g e  o f  m e l t  c o m p o s i t i o n s  p r o d u c e d  by  e x p e r i m e n t a l  
a n a t e x i s  o f  b i o t i t e - q u a r t z - p l a g i o c l a s e  r o c k s  s i m i l a r  t o  t h e  f i n e  
g r a i n e d  b i o t i t e - q u a r t z - p l a g i o c l a s e  g n e i s s e s  ( W i n k l e r  19 7 6 ,  p .  3 0 8 - 3 2 3 ) .  
T h i s ,  as  w e l l  as  f i e l d  e v i d e n c e  m e n t i o n e d  i n  t h e  m i g m a t i t e  s e c t i o n  
a b o v e ,  s u p p o r t s  an i g n e o u s  o r i g i n  f o r  t h e s e  g n e i s s e s  and a l s o  i n d i c a t e s  
a p o s s i b l e  o r i g i n  by  p a r t i a l  m e l t i n g  o f  some o f  t h e  p r e - C h e r r y  C re e k
g n e i s s  o r  s i m i l a r  g n e i s s e s  b e l o w .
The c r o s s  c u t t i n g  r e l a t i o n s  o f  some a m p h i b o l i t e s  ( G a r i h a n ,  1973)  
i n d i c a t e  an o r i g i n  as  d i k e s  and t h e  f i e l d  r e l a t i o n s  o f  t h e s e  s u g g e s t  
p r e -  o r  s y n t e c t o n i c  e m p l a c e m e n t .  C o n c o r d a n t  a m p h i b o l i t e s  may be b a s a l t  
f l o w s  w i t h i n  t h e  p r e - C h e r r y  C re e k  s e d i m e n t s .
META-ULTRAMAFIC ROCKS
Ultramafic rocks exist in all three major units of the Ruby Range. 
They are volumetrically minor but widespread, most commonly as small 
pods, meters to tens of meters wide, elongate parallel to foliation.
However, one large 2 km body, the Wolf Creek body, exists in the
southern part of the range (Heinrich., 1960). A detailed description of
these rocks is given by Desmarais (1978).
In the Cherry Creek Group, pods of ultramafic rock are common in 
amphibolite and pelitic sequences. In the Dillon gneiss they are 
associated with layers and pods of amphibolite, commonly in the crests 
of small isoclinal folds. Although they were not found in the 
Cottonwood Creek study area, maps by others (Heinrich, I960; Garihan, 
1973) show them within the pre-Cherry Creek Group. In fact, the Wolf 
Creek body is within this group.
Outcrops are dark brown to green and form highs in the topography. 
Large 1 to 5 cm bronze-brown orthopyroxene crystals set in a fine­
grained groundmass of dark amphibole give a knobby appearance to these 
rocks, figure 18. These large orthopyroxene crystals are commonly 
present, but where absent, the rock tends to be schistose owing the 
abundant elongate amphibole crystals.
Table 12 gives the mineral modes for a few of these samples.
These rocks commonly contain large orthopyroxene crystals set in a 
fine-grained recrystallized groundmass of olivine and amphibole, figure
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Figure 18. Picture of meta-ultramafic rock showing large hypersthene 
crystals set in a finer grained matrix of amphibole. Note 
the dime for scale.
82
18 .  I r o n  o x i d e  and s p i n e l  a r e  common a c c e s s o r y  m i n e r a l s .  A l t e r a t i o n s  
i n c l u d e ;  s e r p e n t i n e  f r o m  o l i v i n e ,  and t a l c  f r o m  a n t h o p h y 1 1 i t e  and 
h y p e r s t h e n e .
T a b l e  12 .  M oda l  a n a l y s e s  o f  m e t a - u l t r a m a f i c  r o c k s
H y p e r s t h e n e 10 20 70 56 55 —
0 1 i v i n e 5 — 5 13 5 —
C u m m i n g t o n i  t e /  
A n t h o p h y 1 1 i  t e — 30 — — 2 2
A c t i n o l i t e /  
T r e m o 1 i  t e 80 47 20 25 30 97
I r o n  o x i d e 3 3 5 3 5 —
Sp i n e l 2 — — — t r —
T a l c — — — — 2 1
S e r p e n t  i n e t r — — 3 — —
H y p e r s t h e n e  i s  com m on ly  t h e  m os t  a b u n d a n t  m i n e r a l  i n  t h e s e  r o c k s .  
I t  o c c u r s  as  l a r g e  c r y s t a l s  up t o  2 cm a c r o s s  t h a t  c o n t a i n  i n c l u s i o n s  
o f  a l l  t h e  o t h e r  m i n e r a l s .  I n  s a m p l e s  c o n t a i n i n g  a b u n d a n t  a m p h i b o l e  
and l e s s e r  h y p e r s t h e n e ,  o n l y  p a t c h e s  o f  l a r g e  o p t i c a l l y  c o n t i n u o u s  
c r y s t a l s  r e m a i n .  T hese  p a t c h e s  and c r y s t a l s  a r e  c o l o r l e s s  t o  p a l e  p i n k  
and com m on ly  c o n t a i n  s t r a i n  f e a t u r e s  s u c h  as  f r a c t u r e s ,  k i n k  b a n d s ,  and 
u n d u l o s e  e x t i n c t i o n .  O l i v i n e  o c c u r s  as  2 mm c o l o r l e s s  f r a c t u r e d  g r a i n s  
t h a t  l o c a l l y  f o r m  o u t l i n e s  o f  l a r g e r  g r a i n s ,  up t o  6 mm. S e r p e n t i n e  
and i r o n  o x i d e  a r e  common a l o n g  f r a c t u r e s  as  a l t e r a t i o n  p r o d u c t s .
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A m p h i b o l e s  a r e  c u m m i n g t o n i t e / a n t h o p h y 1 1 i t e  and a c t i n o 1 i t e / t r e m o 1 i t e . 
P a l e  g r e e n  a c t i n o l i t e  i s  t h e  m o s t  common.  I t  o c c u r s  a s  0 . 5  t o  1 . 5  mm 
c r y s t a l s , c o m m o n l y  e l o n g a t e .  I n  some s a m p l e s  a c t i n o l i t e  s u r r o u n d s  
h y p e r s t h e n e  c r y s t a l s ,  s u g g e s t i n g  some t y p e  o f  r e a c t i o n  r e l a t i o n s h i p .  
D e s m a r a i s  ( 1 9 7 8 )  s u g g e s t e d  t h a t  many o f  t h e s e  u l t r a m a f i c  r o c k s  w e r e  
s e r p e n t i n i z e d  p r i o r  t o  m e t a m o r p h i s m  and r e c r y s t a l l i z a t i o n ,  and p o s s i b l y  
e m p l a c e d  a s  s e r p e n t  i n i t e s . I f  s o ,  t h e  a c t i n o l i t e  may r e p r e s e n t  
r e c r y s t a l l i z a t i o n  o f  s e r p e n t i n e  t h a t  o r i g i n a l l y  f o r m e d  f r o m  and 
s u r r o u n d e d  o l i v i n e  a n d / o r  h y p e r s t h e n e .  A n t h o p h y 1 1 i t e  i s  common a s  
c o l o r l e s s  b l a d e s  up t o  5  mm l o n g .
I r o n  o x i d e  e x i s t s  a s  i r r e g u l a r l y  s h a p e d  g r a i n s  i n  e v e r y  s a m p l e .
I t  o c c u r s  w i t h  s e r p e n t i n e  i n  f r a c t u r e s  i n  o l i v i n e ,  a s  r a n d o m  g r a i n s  
t h r o u g h o u t  t h e  r o c k ,  and a s  t r a i n s  o f  g r a i n s  i n  f e a t h e r y  p a t t e r n s  
w i t h i n  a c t i n o l i t e  ( s e e  f i g u r e  1 9 ) .  D e s m a r a i s  a l s o  n o t e d  t h e s e  f e a t h e r y  
p a t t e r n s  and i n t e r p r e t e d  th em  a s  i r o n  o x i d e  t r a i n s  f o r m e d  b y  e a r l i e r  
s e r p e n t i n i z a t i o n .  I t  a p p e a r s  t h a t  o r i g i n a l  o l i v i n e  was s e r p e n t i n i z e d ,  
f o r m i n g  i r o n  o x i d e  a s  a b y - p r o d u c t .  Then  t h i s  was m e t a m o r p h o s e d  d u r i n g  
a m p h i b o l i t e - f a c i e s  m e t a m o r p h i s m  c a u s i n g  r e c r y s t a l l i z a t i o n  o f  t h e  
s e r p e n t i n e  t o  a c t i n o l i t e ,  l e a v i n g  i r o n  o x i d e s  as  t r a i n s  i n  a c t i n o l i t e .  
The p a t t e r n s  f o r m e d  b y  t h e s e  i r o n  o x i d e  c r y s t a l s  r e s e m b l e  t h o s e  f o r m e d  
b y  s e r p e n t i n i z a t i o n  and a p p e a r  t o  be m ore  t h a n  j u s t  a ra n d o m  
o c c u r r e n c e .  T h i s  i s  s u p p o r t e d  b y  t h e  p r e s e n c e  o f  r e c r y s t a l l i z e d  
a c t i n o l i t e  a r o u n d  t h e s e  i r o n  o x i d e s .  P r o g r e s s i v e  d e - w a t e r i n g  o f  t h e s e  
s e r p e n t i n i z e d  u l t r a m a f i c  p o d s  w o u l d  a l s o  e x p l a i n  t h e  m e t a s o m a t i s m  
a s s o c i a t e d  w i t h  t h e s e  p o d s  t o  f o r m  a n t h o p h y 1 1 i t e / a c t i n o 1 i t e  s c h i s t s  i n
8^
2 mm
Figure 19. Thin section of meta-ultramafic rock showing feathery
patterns of iron oxide in amphibole. Patterns are believed 
to have formed by serpent inization which occurred before 
metamorphism and recrystallization to amphibole. Black is 
iron oxide, am = actinolite, and hyp — hypersthene.
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the pelitic rocks of the Cherry Creek Group.
Studies by Desmarais (1978) and Tendall (1978) in the Ruby Range 
and Tobacco Root Mountains, respectively, support a solid tectonic 
emplacement for these rocks. The compositions of minerals and their 
field settings, in similar ultramafic rocks in the Tobacco Root 
Mountains led Tendall to suggest an origin as cumulates from a 
differentiating basaltic magma. The large strained orthopyroxene 
crystals appear to be relic crystals that have not been recrystallized 
by high-grade metamorphism and may be cumulate crystals as suggested by 
Tendall. The fine-grained groundmass of dominantly amphibole has a 
metamorphic texture and is probably the product of recrystal 1ization. 
Textures noted above and elaborated on by Desmarais (1978) suggest that 
some of this groundmass may have been serpentine before recrystallized 
to amphibole. Thus, these ultramafic bodies may have originally been 
serpentinized and partially serpent ini zed peridotites, possibly of 
oceanic crust of upper mantle origin. The location of these bodies in 
the crests of small isoclinal folds, possibly due to their migration 
into areas of low stress, and the presence of material that was 
apparently recrystallized during high-grade metamorphism suggests 
tectonic emplacement of these ultramafic pods occurred before or during 
high-grade metamorphism and deformation.
CHAPTER III 
METAMORPHISM AND DEFORMATION
Proqrade Metamorphism
High-grade regional metamorphism in the upper amphibolite to lower 
granulite facies affected Precambrian rocks throughout southwestern 
Montana. In the study area, equilibrium mineral assemblages indicate 
upper amphibolite facies metamorphism. Assemblages indicative of this 
include:
Dillon gneiss and Cherry Creek Group pelitic schist and gneisses, 
Quartz + Plagioclase + Orthoclase + Sillimanite 
Pre-Cherry Creek Group fine grained biotite-quartz-feldspar gneisses',
Plagioclase + Quartz + Orthoclase and/or Microcline + Biotite
Pre-Cherry Creek garnet-si11imanite-biotite-quartz-feldspar gneisses, 
Plagioclase + Quartz + Biotite + Garnet + Sillimanite
Pre-Cherry Creek and Cherry Creek Group amphibolites;
Hornblende + Plagioclase + Diopside + Garnet 
Cherry Creek Group marble;
Carbonate + Diopside + Biotite 
Cherry Creek Group calc-si1icate gneisses;
Carbonate + Tremolite + Epidote + Garnet + Plagioclase
Cherry Creek Group iron-formation;
Quartz + Hypersthene + Anthophy11ite + Grunerite + Augite 
The presence of orthoclase and sillimanite without muscovite
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i n d i c a t e s  m e t a m o r p h i s m  r e a c h e d  t h e  s i  1 1 i m a n i t e - o r t h o c l a s e  z o n e .  
A m p h i b o l i t e s  i n  t h e  D i l l o n  g n e i s s  h a v e  t h e  g r a n u l i t e  f a c i e s  m i n e r a l  
a s s e m b l a g e ;
P l a g i o c l a s e  + H y p e r s t h e n e  + D i o p s i d e  + H o r n b l e n d e  + G a r n e t  
T h i s  a s s e m b l a g e  may be  t h e  r e s u l t  o f  m e t a m o r p h i s m  i n  a r e l a t i v e l y  d r y  
e n v i r o n m e n t ,  r a t h e r  t h a n  u n d e r  t r u e  g r a n u l i t e  f a c i e s  t e m p e r a t u r e s  and 
p r e s s u r e s ,  w h i c h  w o u l d  be  h i g h e r  t h a n  t h o s e  i n d i c a t e d  b y  t h e  
s u r r o u n d i n g  r o c k s .  H o w e v e r , t h i s  a s s e m b l a g e  d o e s  i n d i c a t e  t e m p e r a t u r e  
and p r e s s u r e s  w e r e  n e a r  g r a n u l i t e  f a c i e s .
O t h e r  c h a r a c t e r i s t i c s  o f  t h i s  a r e a  t h a t  i n d i c a t e  u p p e r  a m p h i b o l i t e  
t o  g r a n u l i t e  g r a d e s  o f  m e t a m o r p h i s m  i n c l u d e :  1) The  p r e s e n c e  o f
m i g m a t i t e  and g r a n i t i c  v e i n s  w h i c h  i s  e s p e c i a l l y  common i n  t h e  
s i l l i m a n i t e  o r t h o c l a s e  z o n e ,  2 )  The  a b u n d a n c e  o f  r e d - b r o w n  b i o t i t e  and 
d a r k  o l i v e  g r e e n  t o  b r o w n  h o r n b l e n d e ,  3 )  P l a g i o c l a s e  c o n t e n t  i s  g r e a t e r  
t h a n  Ane s  ( W i n k l e r ,  1 9 7 6 ) ,  The p r e s e n c e  o f  p e r t h i t e  and a n t i p e r t h i t e  
i n d i c a t e s  g r a n u l i t e  f a c i e s ,  and 5 )  s t r u n g  o u t  q u a r t z  c r y s t a l s  l i k e  
t h o s e  i n  t h e  D i l l o n  g n e i s s  ( f i g u r e  8 ,  p .  ^ 0  ) a r e  common i n  g r a n u l i t e
g r a d e  r o c k s .
A p r e s s u r e - t e m p e r a t u r e  d i a g r a m ,  f i g u r e  2 0 ,  g i v e s  c o n s t r a i n t s  on  
t h e  c o n d i t i o n s  o f  m e t a m o r p h i s m  f o r  t h i s  a r e a .  The t e m p e r a t u r e  i s  
c o n s t r a i n e d  t o  6 50  t o  8 5 0 ° C .  The p r e s s u r e  i s  l e s s  c o n s t r a i n e d  and i s  
i n  t h e  r a n g e  o f  2 t o  12 k b a r s .  A r e a  B on  t h i s  f i g u r e  i s  t h e  r a n g e  o f  
p r e s s u r e s  and t e m p e r a t u r e s  d e t e r m i n e d  b y  D a h l  ( 1 9 7 6 )  f o r  t h e  S w e e t w a t e r  
P a s s  s t u d y  a r e a .  M a j o r  e l e m e n t  g e o t h e r m o m e t e r s  and g r a d e  i n d i c a t o r s  o f  
v a r i o u s  m i n e r a l s  a l l o w e d  h i m  t o  b e t t e r  c o n s t r a i n  t h e  t e m p e r a t u r e s  and
Temperature, °C
1. Kyanite — > Andalusite — > Sillimanite
2. Common granite melting curve
3 Muscovite + Quartz — > Sillimanite + Orthoclase <PH_0-1>
3a. Muscovite + Quartz — > Sillimanite + Orthoclase <PH«0=.5>
A. Potassium feldspar — > Perthite or Antiperthite
5. Calcite + Quartz — > Wollastonite + Carbon Dioxide (Xcoa= 1)
6 Amphibole + Plagioclase + Clinopyroxene + Ilmenite — > Amphibole
+ Plagioclase + Clinopyroxene + Orthopyroxene + Ilmenite
Fiaure 20 Pressure-temperature diagram showing field of metamorphism 
(Hyndman, 1985, p. 516-527). Field B is for the Sweetwater 
Pass study area, taken from Dahl (1976).
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pressures to 675 + ^+5°C and 5.0 to 7.5 kbars.
Retrograde Metamorphism
Retrograde mineral assemblages exist in almost all the rock types 
in the range. Retrograde minerals include: chlorite after biotite and
hornblende, sericite after plagioclase and locally potassium feldspar, 
epidote after plagioclase and hornblende, serpentine after olivine and 
diopside, and tremo1ite-actino1ite after hornblende and pyroxene. This 
retrograde metamorphism may coincide with the 1.6 by old metamorphic 
event described by Giletti (1966). This event apparently reset the K- 
Ar clocks of several minerals.
Deformation
The structural history of the basement rock is complex, involving 
faulting, plastic flow and as many as four folding events in some 
areas. The general trend of foliation is northeast, with a steep dip 
to the northwest. A detailed description of the structure is given by
Karasevich et al (1981).
Three sets of folds were noted in the study areas. F x folds are
tight isoclinal folds that display axial plane schistosity parallel to
bedding, striking northeast and dipping to the northwest. Folding
accompanied metamorphism. Mechanisms of folding include passive and
flextural flow (Okuma, 1971). F t folds are best exposed as hand
sample- to outcrop-size folds in banded gneisses and pelitic rocks, and
slightly larger less obvious folds in sequences of interlayered Dillon
gneiss, amphibolite, meta-ultramafic and pelitic gneiss. Large Fe
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folds are isoclinal to open, plunge to the northeast, and are best 
exposed in marble units of the Cherry Creek Group, and marble and 
amphibolite layers in the Dillon gneiss. These folds are easily traced 
on aerial photographs. Fc may be contemporaneous or slightly younger 
than F t (Karasevich et al (1981), but both appear to have accompanied 
metamorphism. A distinctly later folding, F 3 , is exemplified in the 
Dillon Synform in the northwestern portion of the Sweetwater Pass study 
area (see figure 2). This folding event is later than high-grade 
metamorphism and involves the formation of large synforms and antiforms
throughout the Ruby Range.
Major post-Archean northwest-trending faults exist throughout the 
Range (see figure 1). The southern extent of the Sweetwater Pass study 
area is bounded by one of these faults, the Carter Creek Fault. Almost 
all contacts of the Cherry Creek Group appear to have acted as ductile 
faults during metamorphism, causing boudinage of the more competent 
units. Evidence for late movement (possibly related to uplift) along 
these contacts is seen by minor offset, at these contacts, of the cross 
cutting 1.1 to 1.5 b.y. old diabase dikes.
CHAPTER IV
GEOLOGIC HISTORY AND TECTONIC INTERPRETATION 
Geologic History
The Precambrian geologic history of the Ruby Range determined from 
proto 1ith interpretations, field relations and radiometric-age data is 
summarized in table 13.
Table 13. Precambrian geological history of the Ruby Range
Age (m .y .) Events
1,120 Diabase dike emplacement (Wooden et al, 1978)
1 ,^55 Diabase dike emplacement (Wooden et al, 1978)
1,600 Regional thermal event; not a rock forming event, 
however, pegmatite emplacement may have occurred 
(Giletti, 1966).
2,750 Deformation, upper amphibolite grade regional 
metamorphism, and emplacement of the Dillon 
gneiss (James and Hedge, 1980).
>2,750 Deposition of the sediments and volcanics of the 
pre-Cherry Creek Group, and stable shelf 
sedimentation and volcanism of the Cherry Creek 
Group.
The pre-Cherry Creek Group rocks have a greywacke protolith, with 
subordinate pelitic layers of shale parentage. Amphibolites of 
basaltic origin, dikes, sills and possibly flows, are common. Thick 
greywacke sequences with interlayered basalt are generally of deep
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basinal or ocean floor origin.
The Cherry Creek Group contains a shallow water shelf to slope 
sequence of quartzite, carbonate, and shale. Appreciable amounts of 
amphibo1ite in this group suggest deposition occurred during a rifting
event.
The relationship of the Cherry Creek Group to the pre-Cherry Creek 
Group is poorly understood because injection of the Dillon gneiss 
between these two units has obscured direct observation of their 
contact. The Cherry Creek Group structurally overlies the pre-Cherry 
Creek Group in the Ruby Range. Cross sections through the least 
deformed portion of the Ruby Range show no indication of major 
overturning of this sequence (Karasevich et al, 1981). Vitallano et 
al (1979) suggested that if the rocks in the Ruby and Tobacco Root 
Ranges are both right side up, younger to the east, then the gneisses 
of the Tobacco Root Mountains may correlate with those of the pre- 
Cherry Creek Group. If 5 0 , then a better exposed relationship between 
the Cherry Creek Group and pre-Cherry Creek Group may exist in the 
Tobacco Root Mountains, where the Dillon gneiss may be less wide-
spread, or absent.
Assuming the basement rock is not overturned, possible 
relationships between the Cherry Creek Group and pre-Cherry Creek Group 
include: 1) these two rock units may be depositionally related; either 
different phases of a depositional cycle or different facies of a 
single depositional environment, 2) the pre-Cherry Creek Group may have 
been an early formed basement on which the Cherry Creek Group was
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d e p o s i t e d ,  o r  3 )  t h e y  c o u l d  r e p r e s e n t  f a u l t  s l i c e s  f r o m  u n r e l a t e d  
e n v i r o n m e n t s .
T y p i c a l  c o n t i n e n t a l  m a r g i n  s e d i m e n t a r y  s e q u e n c e s ,  as  o u t l i n e d  by  
D i c k i n s o n  ( 1 9 7 * 0 ,  i n c l u d e  an e a r l y  b a s i n a l  c l a s t i c  p h a s e  t h a t  m i g h t  be 
s i m i l a r  t o  t h e  p r e - C h e r r y  C r e e k  G r o u p ,  t h e n  a c a r b o n a t e - s h a l e  p h a se  
s i m i l a r  t o  t h e  C h e r r y  C r e e k  G r o u p .  Toward  t h e  o c e a n ,  t h i s  s h e l f / s l o p e  
wedge g r a d e s  i n t o  deep w a t e r  t u r b i d i t e  d e p o s i t s  and v o l c a n i c  r o c k s  
s i m i l a r  t o  t h e  p r e - C h e r r y  C r e e k  G rou p  ( i d e a l i z e d  model  o f  D i c k i n s o n ,  
197**; and C o r d i l l e r a n  m i o g e o c l i n e  S t e w a r t  and P o o l e ,  197*+).
W i l s o n  ( 1 9 7 2 )  showed t h a t  t h e  i n t e r f a c e  b e tw e e n  b a s e m e n t  and c o v e r  
c o n t r o l l e d  t h e  i n j e c t i o n  o f  g r a n i t i c  r o c k  i n  t h e  R h o d e s i a n  A r c h e a n  
C r a t o n  t o  c r e a t e  c o n c o r d a n t  s h e e t  i n t r u s i o n s .  The c o n c o r d a n t  i n j e c t i o n
o f  t h e  D i l l o n  g n e i s s  b e tw e e n  t h e  C h e r r y  C re e k  and p r e - C h e r r y  C reek
g r o u p s  s i m i l a r l y  s u g g e s t s  a zone  o f  w e a k n e s s ,  t h u s ,  m a k in g  a f a u l t  o r
b a s e m e n t - c o v e r  r e l a t i o n s h i p  more p r o b a b l e .  The l a c k  o f  any  common r o c k
t y p e s  w i t h i n  t h e s e  u n i t s  a l s o  f a v o r s  t h i s  r e l a t i o n s h i p .  G i l e t t i  ( 1 9 6 6 )  
g i v e s  a w h o l e  r o c k  R b - S r  d a t e  o f  3 . 1  b . y .  f o r  t h e  p r e - C h e r r y  C reek  
g n e i s s e s  i n  t h e  B l a c k t a i l  R ange ,  s o u t h  o f  t h e  Ruby R ange .  T h i s  d a t e  i s  
s i g n i f i c a n t l y  o l d e r  t h a n  t h e  2 . 7 5  b . y .  d a t e s  g i v e n  f o r  t h e  a m p h i b o l i t e  
g r a d e  m e ta m o r p h i s m  i n  t h e  Ruby Range (James and H edge ,  1 9 8 0 ) ,  and may 
s u p p o r t  t h e  i d e a  o f  t h e  p r e - C h e r r y  C reek  Group b e i n g  an e a r l y  f o r m e d  
b a s e m e n t .  Work b y  E r s l e v  ( 1 9 8 3 )  on w ha t  may be c o r r e l a t i v e  r o c k  
p a c k a g e s  i n  t h e  M a d is o n  Range shows t h e  C h e r r y  C re e k  and p r e - C h e r r y  
C re e k  g r o u p s  t o  be two d e p o s i t i o n a l l y  u n r e l a t e d  s e q u e n c e s .
I n  c o n t r a s t  t o  t h e  i d e a s  p r e s e n t e d  a b o v e ,  i f  t h e  D i l l o n  g n e i s s  i s
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dominantly sedimentary in origin> then all the rocks in the Ruby Range, 
including the Dillon gneiss, may represent one continuous sequence of 
deposi t ion.
The Cherry Creek Group is particularly important in that it 
records a period of technically stable shelf to slope deposition older 
than 2.75 b.y.. Supracrustal sequences like the Cherry Creek Group are 
common in Archean high-grade terrain's (see references in Windley, 1984, 
p. 8-27), and are distinctly different from the greywacke-turbidite 
association in low-grade greenstone belts (Windley, 1984). Although 
common, these supracrustal sequences are volumetrically minor. They 
appear to record short periods of tectonic stability in the generally
active tectonic regime of the Archean.
Deformation, metamorphism, migmatization of the pre-Cherry Creek 
Group, and concordant intrusion of the Dillon gneiss occurred 2.75 b.y. 
ago. Compositional similarities between anatectic veins and pods of 
the pre-Cherry Creek Group migmatite and the Dillon gneiss suggest the 
Dillon gneiss may have originated by partial melting of the pre-Cherry 
Creek gneisses or similar gneisses underlying them. The high potassium 
content of the Dillon gneiss also favors an origin by crustal melting. 
The lack of dominant migmatite in the Dillon gneiss suggests the 
intrusion moved from its source, but the concordant contacts suggest 
that it did not travel far. The presence of foliation, and the 
dominance of fairly homogeneous plutonic rock that grades laterally 
into migmatized country rock likewise suggest proximity to the melting 
environment (Hutchison, 1982). Emplacement may have been partly
I
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controlled by the Cherry Creek Group/pre-Cherry Creek Group contact. 
During intrusion, inclusions and layers of amphibolite, minor pelitic 
gneiss, and marble, which originated as part of the Cherry Creek Group, 
may have been incorporated within and between sheets of intrusive 
granite. Deformation and folding occurred after injection, forming 
myloni tic textures. Recrystallization of this mylonitic fabric 
suggests metamorphism outlasted deformation.
If sedimentary in origin, the Dillon gneiss deposition is 
gradational from and into pre-Cherry Creek Group and Cherry Creek Group 
sedimentation, and may represent early rift generated sands from a 
nearby continental source, possibly a granitic terrain.
Meta-ultramafic pods exist in all the units of the Ruby Range. 
Possible origins include intrusions or fragments of intrusions, and 
fragments of oceanic crust or upper mantle. The small size of the 
meta-ultramafic rock bodies in the Ruby Range is hard to rationalize 
with an intrusive origin. Field relations favor tectonic emplacement 
rather than an intrusive origin (Desmarais, 1978; Tendall, 1978), and 
textures noted by Desmarais (1978) indicate that some of these meta 
ultramafic rocks were serpent ini zed before metamorphism, and later 
recrystallized. Thus, the most probable origin for these rocks is as 
pods of oceanic crust or upper mantle emplaced along faults as 
serpentinized and partially serpent ini zed peridotites. Emplacement of 
these pods occurred before or during metamorphism and deformation, as 
indicated by the recrystallization of these rocks, and their 
participation in folding.
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T e c t o n i c  I n t e r p r e t a t i o n
B e f o r e  a model  f o r  t h e  o r i g i n  o f  an A r c h e a n  r o c k  p a c k a g e  s uc h  as 
t h a t  o f  t h e  Ruby Range c a n  be c o n s t r u c t e d ,  t h e  q u e s t i o n  " d i d  p l a t e  
t e c t o n i c s  o p e r a t e  i n  t h e  A r c h e a n "  s h o u l d  be c o n s i d e r e d .  W i n d l e y  ( 1 9 8 4 ,  
p .  4 8 - 6 5 )  r e v i e w s  t h e  r e c e n t  k n o w l e d g e  and b e l i e f s  c o n c e r n i n g  c r u s t a l  
e v o l u t i o n  i n  t h e  A r c h e a n .  S e v e r a l  p r o c e s s e s  and m o d e l s  h a v e  been 
p r o p o s e d  t o  e x p l a i n  c o n t i n e n t a l  g r o w t h  i n  t h e  A r c h e a n ,  h o w e v e r ,  most  
a u t h o r s  now f a v o r  t h e  o p e r a t i o n  o f  some f o r m  o f  p l a t e  t e c t o n i c  
p r o c e s s e s ,  " p r o t o - t e c t o n i c s " ,  f o r  t h e  A r c h e a n .  W i n d l e y  g i v e s  t h e  
d e t a i l s  o f  why p r o t o - p l a t e  t e c t o n i c  m o d e l s  a r e  f a v o r e d  o v e r  t h e  o t h e r s  
and s t a t e s  h i s  b e l i e f  t h a t  p r o t o - t e c t o n i c  p r o c e s s e s  a r e  t h e  o n l y  
p r o c e s s  known t h a t  w i l l  s a t i s f a c t o r i l y  e x p l a i n  t h e  o r i g i n  o f  t h e  
w o r l d ' s  A r c h e a n  t e r r a i n s .
R e l e a s e  o f  more r a d i o a c t i v e  h e a t  d u r i n g  A r c h e a n  t i m e  m us t  ha v e  
c a u s e d  s e v e r a l  d i f f e r e n c e s  i n  p l a t e  t e c t o n i c  p r o c e s s e s .  H a r g r a v e s  
( 1 9 7 8 )  s u g g e s t e d  t h a t  g e o t h e r m a l  g r a d i e n t s  b e n e a t h  A r c h e a n  c o n t i n e n t a l  
c r u s t  was much g r e a t e r  t h a n  a t  p r e s e n t .  H o w e v e r ,  t h i s  i d e a  i s  n o t  
n e c e s s a r i l y  v a l i d  as  p o i n t e d  o u t  by  s e v e r a l  w o r k e r s  and r e v i e w e d  by 
W i n d l e y  ( 1 9 8 4 ,  p . 3 4 1 - 3 4 3 ) .  O t h e r  w o r k e r s  b e l i e v e  t h a t  t h e  l a r g e s t  p a r t  
o f  t h e  h e a t  l o s s  i n  t h e  A r c h e a n  was t h r o u g h  c o n v e c t i o n  r a t h e r  t h a n  
c o n d u c t i o n  and t h a t  t h i s  h e a t  was rem oved  t h r o u g h  r a p i d  p r o d u c t i o n  o f  
o c e a n i c  c r u s t  and f a s t e r  sea  f l o o r  s p r e a d i n g .  T h u s ,  s i g n i f i c a n t l y  
h i g h e r  c r u s t a l  t e m p e r a t u r e s  and g e o t h e r m a l  g r a d i e n t s  may n o t  be 
c h a r a c t e r i s t i c  o f  t h e  A r c h e a n .
I f  h e a t  l o s s  was t h r o u g h  c o n v e c t i o n ,  a h i g h  r a t e  o f  p l a t e  movement
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and c o n t i n e n t a l  g r o w t h  w o u ld  h a v e  e x i s t e d  ( B i c k l e  1978 ,  B u r k e  and K i d d  
1 9 7 8 ) .  S l e e p  and W i n d l e y  ( 1 9 8 2 )  a r g u e  t h a t  t h e  o c e a n i c  c r u s t  must  have  
been  g r e a t e r  t h a n  20 km t h i c k  and t h a t  t h i s  c r u s t  t e n d e d  t o  r e s i s t  
s u b d u c t i o n ,  b u t  c o u l d  n o t  p r e v e n t  i t .  W i n d l e y  and S m i t h  ( 1 9 7 6 )  s u g g e s t  
t h a t  s h a l l o w  s u b d u c t i o n  o f  yo u n g  h o t  b u o y a n t  c r u s t  o c c u r r e d  i n  t h e  
A r c h e a n .  W i t h  s h a l l o w  s u b d u c t i o n ,  a r c  magmat ism m i g h t  be e x p e c t e d  t o  
o c c u r  i n  w i d e r  b e l t s  t h a n  t h o s e  f o u n d  i n  l a t e r  t i m e s .  W i n d l e y  (198^-) 
s u g g e s t s  t h a t  c o n t i n e n t a l  g r o w t h  was w i d e s p r e a d  b e c a u s e  t h e  p l a t e s  w ere  
s m a l l  w h e r e a s  i n  l a t e r  t i m e s  g r o w t h  was l i m i t e d  t o  c o n t i n e n t a l  m a r g i n s  
o f  l a r g e r  p l a t e s .  T h u s ,  t h e  g e n e r a l l y  a c t i v e  t e c t o n i c  r e g i m e  o f  t h e  
A r c h e a n ,  w h i c h  many b e l i e v e  t o  ha v e  f o r m e d  up t o  80*/. o f  t h e  p r e s e n t  
c o n t i n e n t a l  c r u s t ,  p r o b a b l y  i n v o l v e d  r a p i d  s u b d u c t i o n ,  r i f t i n g ,  and 
num erous  c o l l i s i o n s .
I f  t h e  ab ove  d i f f e r e n c e s  and t h e i r  i m p l i c a t i o n s  on t e c t o n i c s  i n  
t h e  A r c h e a n  a r e  c o n s i d e r e d ,  t h e n  c o m p a r i s o n s  t o  modern t e c t o n i c  
e n v i r o n m e n t s  p r o v i d e  an e x c e l l e n t  t o o l  f o r  u n d e r s t a t i n g  A r c h e a n  
g e o l o g i c a l  e n v i r o n m e n t s .
The t o t a l  r o c k  p a c k a g e  o f  t h e  Ruby Range r e s e m b l e s  many A r c h e a n  
h i g h - g r a d e  t e r r a i n s .  Q u a r t z o f e l d s p a t h i c  g n e i s s ,  t h e  b u l k  o f  w h i c h  i s  
b e l i e v e d  t o  be m e ta m o rpho se d  and d e fo r m e d  p l u t o n i c  r o c k  ( W i n d l e y ,  1 98^ ,  
p .  9 - 1 1 ) ,  i s  t h e  d o m i n a n t  r o c k  t y p e  i n  most  A r c h e a n  h i g h - g r a d e  
t e r r a i n s .  These g n e i s s e s  c o n t a i n  i n c l u s i o n s  o f  v a r i o u s  o t h e r  r o c k s ,  
a l l  o f  w h i c h  a r e  s i m i l a r  t o  r o c k s  o f  t h e  C h e r r y  C re ek  G r o u p .  The 
s e q u e n c e s  o f  e v e n t s  p r o p o s e d  f o r  t h e  Ruby Range i s  common f o r  A r c h e a n  
h i g h - g r a d e  t e r r a i n s  i n c l u d i n g  t h o s e  i n ,  L a b r a d o r ,  G r e e n l a n d
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(Bridgewater et al, 1978), and the Limpopo Belt of South Africa (Barton 
and Key, 1981; Robertson and du Toit, 1981).
First, is the deposition of a supracrustal sequence of volcanic 
amphibo1ites, pelitic sediments, quartzites, carbonates, and iron- 
formation. Then, intrusion of massive quantities of granitic rock, 
mostly tonalitic in composition, occurred with deformation, and 
amphibolite- to granulite-facies metamorphism. After this, deposition 
of more supracrustal rocks occurred. These rocks, along with the 
earlier metamorphosed supracrustal rocks and plutonic gneisses, were 
later subjected to high-grade metamorphism, tectonic intercalation, and 
injection of plutonic rock of granitic composition. In all cases 
injection of potassium rich granitoids is late in the Archean history 
of these terrains. The history of the Ruby Range appears to be very 
similar to this latest event. The similarity of events for various 
regions suggests common tectonic process operated to form these 
terrains.
In a plate tectonic model for crustal growth in the Archean, 
Windley (1984) suggests that the early plutonic events, in which 
injection of tonalite occurred, were related to proto-Andean type arc 
magmatic activity on mini-continental plates of the Archean. The 
second stage of Archean crustal growth in this model involves the 
aggregation of these mini-continental plates to gave rise to extensive 
continental plates in late Archean time. This second event, which 
prov.ides a model to explain the history of the Ruby Range involved 
high-grade metamorphism, deformation, tectonic intercalation, and
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injection of late potassium-rich granite.
Fountain and Desmarais (1980) proposed an accretionary prism 
environment for the origin of sedimentary rocks of the Montana basement 
including the Ruby Range. They propose a fore-arc basin depositional 
environment for the Cherry Creek Group. They believe deposition 
occurred either in a large fore-arc basin above a trench, or in small 
basins developed between fault blocks of the accretionary prism.
Wilson (1981) supports this suggestion for sequences in the Ruby and 
Tobacco Root Mountains. Turbidites generally accumulate in these 
basins, however, Fountain and Desmarais (1980) and Wilson (1981) 
suggest that appropriate environmental conditions could favor 
deposition of other sediment types, possibly limestone or iron- 
formation. They also mention that carbonate rocks are accumulating in 
modern fore-arc basins (Karig, 1970). Carbonates do exist in these 
assemblages, but they are very minor, commonly making up the least
abundant rock type.
The great abundance of carbonates in the Cherry Creek Group, as 
well as the overall rock association of quartzite-carbonate-shale is 
very difficult to explain using a fore-arc basin depositional 
environment. Carbonate deposition usually occurs during tectonically 
stable conditions when detrital sediment supply is low; a fore-arc 
basin environment does not generally provide these conditions. If 
plate movement and subduction were increased in the Archean, as 
suggested above, then achieving tectonic stability and low sediment 
supply in an accretionary prism or fore-arc environment would be more
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o p h i o l i t e  s e q u e n c e s .  T h e y  a r e  n o t  p r e s e n t  i n  t h e  M o n t a n a  b a s e m e n t .
I t  i s  p o s s i b l e  t h a t  t h e  C h e r r y  C r e e k  G r o u p  was d e p o s i t e d  i n  a w e l l  
d e v e l o p e d  b a c k - a r c  o r  m a r g i n a l  b a s i n  w h e r e  a s t a b l e  c o n t i n e n t a l  s h e l f  
may h a v e  f o r m e d .  The  l a c k  o f  s e d i m e n t  c o n t r i b u t i o n  f r o m  an i s l a n d  a r c  
and t h e  p r e s e n c e  o f  q u a r t z i t e s  and a r k o s e s  r e q u i r i n g  a q u a r t z  and 
p o t a s s i u m  f e l d s p a r - r i c h  s i a l i c  s o u r c e  s u g g e s t s  t h a t  i f  d e p o s i t i o n  
o c c u r r e d  i n  o n e  o f  t h e s e  b a s i n s  i t  o c c u r r e d  on  t h e  c o n t i n e n t a l  s i d e  o f  
t h e  b a s i n .
I  i n t e r p r e t  t h e  C h e r r y  C r e e k  G r o u p  a s  r e p r e s e n t i n g  d e p o s i t i o n  i n  a 
t e c t o n i c a l l y  s t a b l e  p a s s i v e  s h e l f  e n v i r o n m e n t ,  p o s s i b l y  d u r i n g  r i f t i n g  
a s  i n d i c a t e d  b y  t h e  a b u n d a n t  i n t e r  l a y e r e d  a m p h i b o l i t e .  The p r e s e n c e  o f  
q u a r t z i t e ,  c o n g l o m e r a t e ,  and  f e l s i c  s a n d s  i n d i c a t e  a n e a r b y  e x p o s e d  
c o n t i n e n t a l  s o u r c e ,  p o s s i b l y  a g r a n i t i c  t e r r a i n .  W h e t h e r  t h e s e  
s e d i m e n t s  a c c u m u l a t e d  a l o n g  a r i f t e d  ' ■ A t l a n t i c "  s t y l e  p a s s i v e  m a r g i n  o r  
t h e  c o n t i n e n t a l  s i d e  o f  a b a c k - a r c  o r  m a r g i n a l  b a s i n  i s  d e b a t a b l e .
A f t e r  d e p o s i t i o n  o f  t h e  C h e r r y  C r e e k  G r o u p ,  t e c t o n i c a l l y  s t a b l e  
c o n d i t i o n s  m u s t  h a v e  g i v e n  way t o  an  a c t i v e  t e c t o n i c  e n v i r o n m e n t .  I n  
t h i s  e n v i r o n m e n t  t h e  p r e - C h e r r y  C r e e k  G r o u p  and C h e r r y  C r e e k  G rou p  
s u p r a c r u s t a l  r o c k s  w e r e  d e e p l y  b u r i e d  w h e r e  t h e y  w e r e  s u b j e c t e d  t o  
h i g h - g r a d e  m e t a m o r p h i s m  and i n t r u s i o n  b y  t h e  D i l l o n  g n e i s s .  Pods  o f  
m e t a - u l t r a m a f i c  r o c k  w e r e  a l s o  i n t r o d u c e d  j u s t  p r i o r  t o  o r  d u r i n g  t h i s
e v e n t .
F o u n t a i n  and  D e s m a r a i s  ( 1 9 8 0 )  s u g g e s t e d  t h a t  a m a j o r  c r u s t a l  
s u t u r e  may e x i s t  i n  t h e  M o n t a n a  b a s e m e n t .  T he y  f o u n d  s i m i l a r i t i e s  w i t h  
t h e  Wabowden T e r r a n e  o f  M a n i t o b a ,  i n  w h i c h  t h e  N e l s o n  F r o n t  i s  b e l i e v e d
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t o  be a c o n t i n e n t a l  s u t u r e .  They  s u g g e s t  a p r o b a b l e  l o c a t i o n  i n  t h e  
G r a v e l l y  and M a d i s o n  r a n g e s  b e c a u s e  o f  an a p p a r e n t  1 . 7  b . y  t o  2 . 7  b . y .  
o l d  p r o v i n c e  b o u n d a r y  i n  t h i s  a r e a .  T h i s  a p p a r e n t  p r o v i n c e  b o u n d a r y  
h a s  been  shown n o t  t o  e x i s t  by  r e c e n t  age d a t e s  (James and Hedge? 1980)  
t h a t  h a v e  g i v e n  2 . 7  b . y  o l d  d a t e s  f o r  t h e  r o c k s  e a r l i e r  b e l i e v e d  t o  be 
1 . 7  b . y .  o l d .  The 1 . 7  b . y .  d a t e s  ( G i l e t t i ,  1966)  a r e  now t h o u g h t  t o  
r e p r e s e n t  a m i n o r  h e a t i n g  e v e n t ,  p o s s i b l y  r e l a t e d  t o  t h e  H u d s o n ia n  
O ro g e n y  ( C o n d i e ,  1 9 7 6 ) .  I t  i s  p o s s i b l e  t h a t  a s u t u r e  e x i s t s  i n  t h e  
M o n ta n a  b a s e m e n t ,  h o w e v e r ,  i t  i s  unknown a t  t h i s  t i m e .  F u r t h e r  
c o r r e l a t i o n s  o f  r o c k  p a c k a g e s  t h r o u g h o u t  t h e  M on tana  ba s em en t  and an 
u n d e r s t a n d i n g  o f  t h e  r e l a t i o n s h i p  b e t w e e n  t h e s e  r o c k  p a c k a g e s  may h e l p  
d e f i n e  t h e s e  b o u n d a r i e s  i f  t h e y  e x i s t .
C o n t i n e n t a l  c o l l i s i o n  h a s  been  s u g g e s t e d  as t h e  c a u s e s  o f  h i g h  
g r a d e  g r a n u l i t e  f a c i e s  m e ta m o rp h is m  i n  t h e  A d i r o n d a c k s  ( M c L e l l a n d  and 
I s a c h s e n ,  1980)  and s o u t h w e s t e r n  Norway  ( F a l k u m  and P e t e r s e n ,  1 9 8 0 ) ,  
and p r o v i d e s  a mechanism  i n  w h i c h  t h e  c h a r a c t e r i s t i c  o f  t h e  basem en t  
r o c k s  o f  t h e  Ruby Range c an  be e x p l a i n e d .  A d v a n t a g e s  o f  a c o l l i s i o n
e n v i r o n m e n t  i n c l u d e ;
1) I t  e x p l a i n s  t h e  p r e s e n c e  o f  t h e  d e e p l y  b u r i e d  and h i g h l y  
m e ta m orph ose d  s t a b l e  s h e l f  s e d i m e n t a r y  s e q u e n c e  o f  t h e  C h e r r y  C reek  
Group  as b e i n g  c a u g h t  up b e tw e e n  t h e  a p p r o a c h i n g  m asses .
2)  I t  a l l o w s  f o r  t h e  p r e s e n c e  o f  m e t a - u l t r a m a f i c  r o c k s  as 
t e c t o n i c a l l y  e m p la ced  p o r t i o n s  o f  u p p e r  m a n t l e  o r  l o w e r  oc ean  c r u s t ,  
c a u g h t  up b e t w e e n  t h e  c o l l i d i n g  m asses .
3) C o l l i s i o n  zones  commonly  c a u s e  c r u s t a l  t h i c k e n i n g .  The h i g h
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potassium content of the Dillon gneiss? which suggests a crustal 
source? supports the idea of a thick crust at this time.
**) It provides a reasonable mechanism for burial and heating 
enough to cause migmatization of the pre-Cherry Creek Group and melting
to form the Dillon gneiss.
The proposed tectonic model for the origin of the rocks in the 
Ruby Range is schematically shown in figure 21? and includes:
1) Deposition of the pre-Cherry Creek Group as a basinal greywacke 
sequence. A basement-cover or fault relationship between the Cherry 
Creek and pre-Cherry Creek groups is indicated by the concordant 
injection of the Dillon gneiss between the two.
2) Deposition of the Cherry Creek Group in a stable shelf 
environment, possibly during a period of rifting as indicated by the 
abundant inter layered amphibolite in this sequence.
3) Upper amphibolite-facies metamorphism? migmatization of the 
pre-Cherry Creek Group, and intrusion of the Dillon gneiss in a
collision environment.
The strict attempt to apply this collision model to the origin of 
the Ruby Range would be premature with the available data; however, it 
is worth consideration as model to be tested in the future. Work in 
correlating events and rock units from different ranges in the Wyoming 
province and the recognition of possible suture zones are the keys to 
future interpretations on the origin of any portion of the Wyoming
Province in southwestern Montana.
A major orogenic event approximately 2.7 to 2.8 b.y old is
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( a )
Cherry Creek Group
PCC(?)
Dg( ? )
Basalt i n je c t io n  zone 
Oceanic crust
(b)
DG( ?)
DG(?)
Melt ing
Figure 21. Schematic tectonic diagram showing the proposed model of
origin for the Archean rocks of the Ruby Range; CC = Cherry 
Creek Group, DG = Dillon gneiss, PCC = pre-Cherry Creek 
Group. (a) Rifting and passive margin deposition of the 
Cherry Creek Group on the earlier deposited pre-Cherry 
Creek Group and possibly the Dillon gneiss (if sedimentary 
in origin). (b) Collision causing burial, metamorphism, 
deformation, migmatization, and injection of the Dillon 
gneiss (if igneous in origin). A - A* represents the level 
exposed in the Ruby Range.
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recorded throughout the Wyoming province (Condie, 1976; Mueller et al, 
1982). In the Beartooth Mountains of Montana and Wyoming major events 
are recorded at approximately 3.^ b.y., 3.0 b.y., and 2.8 b.y. (Mueller 
et al, 1982). This latest event correlates well with metamorphism in 
the Ruby Range. In the Beartooths as well as the Ruby Range this event 
is represented by amphibolite~facies metamorphism and intrusion of 
large quantities of granite and granodiorite. Thus, it is possible 
that the Ruby Range and Beartooth Mountains were affected by the same
process at this time.
An analog to the proposed model of origin for the Ruby Range is 
that of the Omineca Crystalline Belt in the Canadian Cordillera. In 
mid-Proterozic to mid-Paleozoic time, the Omineca Crystalline Belt was 
the site of stable shelf sedimentation off the western margin of the 
North American craton. Volcanogenic and pelitic deposition occurred in 
Paleozoic and lower Mesozoic time. These rocks were highly deformed, 
metamorphosed to high grades, and intruded by granitic plutons in the 
mid-Mesozoic to early Tertiary (Monger and Price, 1979; Monger et a l , 
1 9 9 2 ). Early ideas on the origin of this latest event appealed to the 
Omineca Crystalline Belt as a magmatic arc produced by subduction of 
oceanic crust. However, the observation that the Omineca Crystalline 
Belt straddles a collision boundary led to the reevaluation of this 
idea. The Omineca Crystalline Belt is now viewed partly as the result 
of tectonic overlap and/or compressional thickening of the crustal 
rocks during collision between the North American craton to the east 
and a large allochthonous terrain to the west (Monger et al, 198B).
REFERENCES
Barton, J.M.Jr., and Key, R.M., 1981, The tectonic development of the 
Limpopo mobile belt and the evolution of the Archaean cratons of 
Southern Africa, in Kroner, A., ed., Precambrian Plate Tectonics: 
Elsevier, Amsterdam, p. 185-212.
Bayley, R.W., and James, H.L., 1973, Precambrian iron-formations of the 
United States: Econ. Geol., v. 68, p. 934-959.
Berg, R.D., 1976, Geology and talc occurrences of the Greenhorn Range, 
Madison County, Montana: Text and open file map, Mont. Bur. of 
Mines and Geol., map 19.
Bickle, M.J., 1978, Heat loss from the earth: a constraint on Archaean 
tectonics from the relation between geothermal gradients and the 
rate of plate production: Earth Planet. Sci. Lett., v. 40, p. 301- 
315.
Bielak, J., 1978, The origin of Cherry Creek amphibolites from the
Winnipeg Creek area of the Ruby Range, southwestern Montana: M.S. 
Thesis, Univ. of Montana, 46 p.
Blatt, H., Middleton, G., and Murray, R., 1980, Oriqin of Sedimentary 
r 0C|<s , second edition: Prentice-Hal1 Inc., New Jersey, 782 p.
Bridgwater, D., Collerson, K.D., and Myers, J.S., 1978, The development 
of Archaean gneiss complex of the North Atlantic region, m  
Tarling, D.H., ed., Evolution of the Earth’s Crust: Academic
Press, London, p. 19-69.
Buddington, A.F., 1959, Granite emplacement with s p e c i a l  reference to
North America: Geol. Soc. of Am. Bull., v. 70, p. 671 74 .
Burger, H.R., 1969, Structural evolution of the southwest Tobacco Root 
Mountains, Montana: Geol. Soc. Am. Bull., v. 80, p. 1329 13h 2.
Burke, K., and Kidd, W.S.F., 1978, Were Archaean continental geothermal 
gradients much steeper than those of today?: Nature, v. 272, p. 
2^0-2Al.
Butler, J.R., 1969, Origin of Precambrian granitic gneiss in the
Beartooth Mountains, Montana and Wyoming, in Larsen, L.H., ed.. 
Igneous and Metamorphic Geology, Geol. Soc. Am. Mem. 115, p.
1 0 1 .
106
107
C o n d i e ,  K . C . ,  1 976 ,  The Wyoming A r c h e a n  P r o v i n c e  i n  t h e  w e s t e r n  U n i t e d  
S t a t e s ,  i n  W i n d l e y ,  B . F . ,  e d . ,  The E a r l y  H i s t o r y  o f  t h e  E a r t h :  
Jo h n  W i l e y  and S o n s ,  New Y o r k ,  p .  4 9 9 - 5 1 0 .
D a h l ,  P . S . ,  1 976 ,  The m i n e r a l o g y  and p e t r o l o g y  o f  P r e c a m b r i a n
m e t a m o r p h i c  r o c k s  f r o m  t h e  Ruby M o u n t a i n s ,  s o u t h w e s t e r n  M o n t a n a :  
P h . D .  d i s s e r t a t i o n ,  I n d i a n a  U n i v e r s i t y ,  B l o o m i n g t o n ,  280 p .
D e e r ,  W . A . ,  H o w i e ,  R . A . ,  and Zussm an ,  J . ,  1963 ,  Rock F o r m i n g  M i n e r a l s , 
v o l u m e  f o u r :  Jo h n  W i l e y  and Sons  I n c . ,  New Y o r k ,  435 p .
D e s m a r a i s ,  N . R . ,  19 7 8 ,  S t r u c t u r a l  and p e t r o l o g i c  s t u d y  o f  P r e c a m b r i a n  
u l t r a m a f i c  r o c k s ,  Ruby R ange ,  s o u t h w e s t e r n  M o n ta n a :  M .S .  T h e s i s ,  
U n i v .  o f  M o n t a n a ,  78 p .
D i c k i n s o n ,  W . R . ,  1974 ,  P l a t e  t e c t o n i c s  and s e d i m e n t a t i o n :  S . E . P . M . ,  
S p e c i a l  Pub 2 2 ,  p .  1 - 2 2 .
E r i k s s o n ,  K . A . ,  1 983 ,  S i  1 i c i c 1a s t i c - h o s t e d  i r o n - f o r m a t i o n  i n  t h e  e a r l y  
A r c h a e a n  B a r b e r t o n  and P i l a r a  s e q u e n c e s :  J o u r .  G e o l .  S o c . A u s t . ,  
v .  3 0 ,  p .  4 7 3 - 4 8 2 .
E r m a n o v i c s ,  I . F . ,  M c R i t c h i e ,  W . D . ,  and H o u s t o n  W . N . ,  1979 ,
P e t r o c h e m i s t r y  and t e c t o n i c  s e t t i n g  o f  p l u t o n i c  r o c k s  o f  t h e  
S u p e r i o r  P r o v i n c e  i n  M a n i t o b a ,  i n  B a r k e r ,  F . ,  e d . ,  T r o n d h j e m i t e s , 
D a c i t e s  and R e l a t e d  R o c k s :  E l s e v i e r ,  Am s te rd a m ,  p . 3 2 3 - 3 6 2 .
E r s l e v ,  E . A . ,  1980 ,  U l t r a m a f i c  r e a c t i o n  s k a r n s  as  i n d i c a t o r s  o f
m u l t i s t a g e  m e t a m o r p h i c  e q u i l i b r a t i o n :  an e x a m p le  f r o m  t h e  A r c h e a n  
o f  s o u t h w e s t e r n  M o n ta n a :  G e o l .  S o c .  Am. A b s .  w i t h  P r o g . ,  v .  12,  
n o . 2 ,  p . 9 1 .
 , 19 8 3 ,  P r e - B e l t i a n  g e o l o g y  o f  t h e  s o u t h e r n  M a d is o n  Range,
s o u t h w e s t e r n  M o n t a n a :  M o n ta na  B u r e a u  o f  M in e s  and G e o l o g y ,  Mem.
5 5 ,  26 p .
F a l k u m ,  T . ,  and P e t e r s e n ,  J . S . ,  1980 ,  The S v e c o n o r w e g i a n  o r o g e n i c  B e l t ,  
a c a s e  o f  L a t e - P r o t e r o z o i c  p l a t e  c o l l i s i o n :  G e o l .  R u n d s c h . ,  v .  6 9 ,  
p .  6 2 2 - 6 4 7 .
F o s t e r ,  D . A . ,  1986 ,  S y n p l u t o n i c  d i k e s  o f  t h e  Id a h o  b a t h o l i t h :  G e o l .
S o c .  Am. A b s .  w i t h  P r o g . ,  v .  18,  n o .  5 ,  p .  3 5 5 .
F o u n t a i n ,  D . M . ,  and D e s m a r a i s ,  N . R . ,  1980 ,  The Wabowden t e r r a n e  o f  
M a n i t o b a  and t h e  p r e - b e l t  b as em e n t  o f  s o u t h w e s t e r n  M o n ta n a :  A 
c o m p a r i s o n :  M o n tana  B u re a u  o f  M in e s  and G e o l o g y ,  S p e c i a l  P u b . ,  8 3 .
G a r i h a n ,  J . M . ,  1973 ,  G e o lo g y  and t a l c  d e p o s i t s  o f  t h e  c e n t r a l  Ruby 
Range,  M a d is o n  C o u n t y ,  M o n t a n a :  P h .D .  D i s s . ,  Penn .  S t .  U n i v . ,
209 p .
108
G a r i h a n ,  J . M . ,  1979 ,  G e o l o g y  and s t r u c t u r e  o f  t h e  c e n t r a l  Ruby Range,  
M a d i s o n  C o u n t y ,  M o n t a n a :  G e o l .  S o c .  Am. B u l l . ,  P t .  I I ,  v .  9 0 ,  p .  
6 9 5 - 7 8 8 .
 , and Okuma, A . F . ,  1974 ,  F i e l d  e v i d e n c e  s u g g e s t i n g  a n o n - i g n e o u s
o r i g i n  f o r  t h e  D i l l o n  q u a r t z o f e l d s p a t h i c  g n e i s s ,  Ruby Range,  
s o u t h w e s t e r n  M o n t a n a :  G . S . A .  A b s .  w i t h  P r o g . ,  v .  6 ,  n o .  6 ,  p .  5 1 0 .
 , and W i l l i a m s ,  K . ,  1976 ,  P e t r o l o g y ,  modal  a n a l y s e s ,  and o r i g i n  o f
t h e  D i l l o n  q u a r t z o f e l d s p a t h i c  g n e i s s  and p r e - C h e r r y  C reek  
g n e i s s e s ,  Ruby R ange ,  s o u t h w e s t e r n  M o n t a n a :  N o r t h w e s t  G e o l . ,  v .  5 ,  
p .  4 2 - 4 9 .
G i l e t t i ,  B . J . ,  1966 ,  I s o t o p i c  ages  f r o m  s o u t h w e s t e r n  M o n t a n a :  J o u r n a l  
o f  G e o p h y s i c a l  R e s e a r c h ,  v .  7 1 ,  p .  4 0 2 9 - 4 0 3 6 .
G l i k s o n ,  A . Y . ,  1984 ,  S i g n i f i c a n c e  o f  e a r l y  A r c h a e a n  m a f i c - u l t r a m a f i c  
x e n o l i t h  p a t t e r n s ,  i n  K r o n e r ,  A . ,  H an so n ,  G . N . ,  G o o d w in ,  A . M . ,  
e d s . ,  A r c h a e a n  G e o c h e m i s t r y :  S p r i n g e r - V e r 1a g , B e r l i n ,  p . 2 6 2 - 2 8 2 .
G o r d o n ,  E . A . ,  1 979 ,  P e t r o l o g y  and f i e l d  r e l a t i o n s  o f  P r e c a m b r i a n  
m e t a s e d i m e n t a r y  and m e t a i g n e o u s  r o c k s  w e s t  o f  T w i n  B r i d g e s ,  . 
s o u t h w e s t e r n  M o n ta n a :  M .S .  T h e s i s ,  U n i v .  o f  M o n ta n a .
G r o s s ,  G . A . ,  1980 ,  A c l a s s i f i c a t i o n  o f  i r o n  f o r m a t i o n s  based  on 
d e p o s i t i o n a l  e n v i r o n m e n t s :  Can .  M i n . ,  v .  18 ,  p .  215 2 2 2 .
H a n l e y ,  T . ,  1975 ,  S t r u c t u r e  and p e t r o l o g y  o f  t h e  N o r t h w e s t e r n  Tobacco  
R o o t  M o u n t a i n s ,  M a d is o n  C o u n t y ,  M o n t a n a :  P h . D .  D i s s . ,  I n d i a n a  
U n i v e r s i t y ,  289 p .
H a r g r a v e s ,  R . B . ,  1978 ,  P u n c t u a t e d  e v o l u t i o n  o f  t e c t o n i c  s t y l e :  N a t u r e ,  
v .  2 7 6 ,  p .  4 5 9 - 4 6 1 .
H e i n r i c h ,  E . W . ,  1947 ,  P e t r o l o g y  o f  M on tana  P r e c a m b r i a n  c a r b o n a t e  r o c k s  
C a b s . 3:  G e o l .  S o c .  Am. B u l l . ,  v .  5 8 ,  p .  1191.
, 19 6 0 ,  P r e - b e l t i a n  g e o l o g y  o f  t h e  C h e r r y  C reek  and Ruby 
M o u n t a i n s  a r e a s ,  s o u t h w e s t e r n  M o n t a n a ,  P t .  2 .  G e o lo g y  o f  t h e  Ruby 
M o u n t a i n s :  M on tana  B u r e a u  o f  M in e s  and G e o l o g y ,  Memoir  3 8 ,  p .  15 -  
4 0 .
H u t c h i s o n ,  W.W.,  1982 ,  G e o lo g y  o f  t h e  P r i n c e  R u p e r t - S k e e n a  map a r e a ,
Br  i  t  i  sh Co 1umb i a :  G e o l .  S u r . C a n . ,  Mem 3 9 4 ,  116 p .
Hyndman,  D . W . ,  1985,  P e t r o l o g y  o f  I g n e o u s  and M e t a m o r p h i c  R ocks :  second  
e d . ,  M c G r a w - H i l l  Book C o . ,  New Y o r k ,  786 p .
109
Hyndman,  D . W . ,  1 985 ,  S o u r c e  and f o r m a t i o n  o f  t h e  Id a h o  b a t h o l i t h :  G e o l .  
S o c . Am. A b s .  w i t h  P r o g . ,  v .  17 ,  n o .  A,  p .  2 2 6 .
J am es ,  H . L . ,  and H edge ,  C . E . ,  1 980 ,  Age o f  t h e  bas e m en t  r o c k s  o f
s o u t h w e s t  M o n t a n a :  G e o l .  S o c .  Am. B u l l . ,  P t .  I ,  v .  9 1 ,  p .  1 1 - 1 5 .
J a n a r d h a n ,  A . S . ,  S r i k a n t a p p a ,  C . ,  and R a m a c h a n d ra ,  H . M . ,  1977 ,  The
S a r g u r  s c h i s t  c o m p l e x - a n  A r c h a e a n  h i g h - g r a d e  t e r r a i n  i n  s o u t h e r n  
I n d i a ,  i n  W i n d l e y ,  B . F . ,  and N a q v i ,  S . M . ,  e d s . ,  A r c h a e a n  
G e o c h e m i s t r y :  E l s e v i e r ,  A m s te rd a m ,  p .  1 2 7 - 1 ^ 8 .
K a r a s a v i c h ,  L . P . ,  1980 ,  S t r u c t u r e  o f  t h e  P r e - B e l t i a n  m e t a m o r p h i c  r o c k s  
o f  t h e  n o r t h e r n  Ruby R ange ,  s o u t h w e s t e r n  M o n ta n a :  M .S .  T h e s i s ,  
P e n n s y l v a n i a  S t a t e  U n i v e r s i t y ,  172 p .
 , G a r i h a n .  J . M . ,  D a h l ,  P . S . ,  and Qkuma, A . F . ,  1981 ,  Summary o f
P r e c a m b r i a n  m e t a m o r p h i c  and s t r u c t u r a l  h i s t o r y ,  Ruby Range,  
s o u t h w e s t e r n  M o n ta n a :  M on tana  G e o l .  S o c .  F i e l d  c o n f e r e n c e  and 
S ym pos ium ,  G u i d e b o o k ,  p .  2 2 5 - 2 3 8 .
K a r i g ,  D . E . ,  1970 ,  R i d g e s  and b a s i n s  o f  t h e  T o nga -K e rm ad ec  i s l a n d  a r c  
s y s t e m :  J o u r n a l  o f  G e o p h y s i c a l  R e s e a r c h ,  v .  7 5 ,  p .  239 -25 * * .
L e v i n s o n ,  A . A . ,  19*+9, P e t r o l o g y  o f  t h e  p r e - B e l t i a n  C h e r r y  Creek  
m a r b l e s ,  s o u t h w e s t e r n  M o n ta n a :  M .S .  T h e s i s ,  U n i v .  M i c h .
L u t h ,  W . C . ,  1976 ,  G r a n i t i c  r o c k s ,  i n  B a i l e y ,  D . K . ,  and M a c d o n a l d ,  R . ,  
e d s . ,  The E v o l u t i o n  o f  t h e  C r y s t a l l i n e  R o c k s :  A c a d e m ic ,  New Y o r k ,  
p .  3 35 - * *1 7 .
M c G r e g o r ,  V . R . ,  1 973 ,  The e a r l y  P r e c a m b r i a n  g n e i s s e s  o f  t h e  G od th aa b
d i s t r i c t ,  West G r e e n l a n d :  P h i l .  T r a n s .  R. S o c .  L o n d . ,  v .  A273 ,  p .  
3 * *3 -358 .
, 1 979 ,  A r c h a e a n  g r a y  g n e i s s e s  and t h e  o r i g i n  o f  t h e  c o n t i n e n t a l  
c r u s t :  e v i d e n c e  f r o m  t h e  G od th a a b  r e g i o n ,  W G r e e n l a n d ,  i n  B a r k e r ,  
F . ,  e d . ,  T r o n d h j e m i t e s ,  D a c i t e s  and R e l a t e d  R o c k s :  E l s e v i e r ,  
Am s te rd a m ,  p .  169-20* * .
M c L e l l a n d , J . I . ,  and I s a c h s e n ,  Y . ,  1980 ,  S t r u c t u r a l  a n a l y s i s  o f  t h e
s o u t h e r n  and c e n t r a l  A d i r o n d a c k s :  a model  f o r  t h e  A d i r o n d a c k s  as  a 
w h o l e  and p l a t e - t e c t o n i c  i n t e r p r e t a t i o n s :  G e o l .  S o c .  Am. B u l l . ,  v .  
9 1 ,  p .  6 8 - 7 2 .
M o n g e r ,  J . W . H . ,  and P r i c e ,  R . A . ,  1979 ,  Geodynamic  e v o l u t i o n  o f  t h e
C a n a d i a n  C o r d i 1 l e r a - p r o g r e s s  and p r o b l e m s :  Can.  J .  E a r t h  S c i . ,  v .  
16,  p .  7 7 0 - 7 9 1 .
110
M o n g e r ,  J . W . H . ,  P r i c e ,  R . A . ,  and T e m p e l m a n - K l u i t , D . J . ,  1 982 ,  T e c t o n i c  
a c c r e t i o n  and o r i g i n  o f  t h e  two  m a j o r  m e t a m o r p h i c  and p l u t o n i c  
w e l t s  i n  t h e  C a n a d i a n  C o r d i l l e r a :  G e o l o g y ,  v .  10 ,  p .  7 0 - 7 5 .
M u e l l e r ,  P . A . , Wooden,  J . L . ,  and Bow es ,  D . R . ,  1 9 8 2 ,  P r e c a m b r i a n
e v o l u t i o n  o f  t h e  B e a r t o o t h  M o u n t a i n s ,  M o n t a n a - W y o m i n g , U . S . A . :  
R e v i s t a  B r a s i l e i r a  de  G e o c i e n c i a s ,  v .  12 ,  p . 2 1 5 - 2 2 2 .
N e v e s ,  B . B . D . ,  B u e r l e n ,  H . ,  S a n t o s ,  E . J . D . ,  19 8 2 ,  C h a r a c t e r i s t i c s  and 
m i n e r a l i z a t i o n  o f  t h e  A r c h e a n  and e a r l y  P r o t e r o z o i c  o f  t h e  
B o r b o r e m a  P r o v i n c e ,  B r a z i l :  R e v .  B r a s .  G e o c . ,  v .  12 ,  p .  2 3 4 - 2 3 9 .
Okuma,  A . P . ,  1 9 7 1 ,  S t r u c t u r e  o f  t h e  s o u t h w e s t e r n  Ruby Range  n e a r  
D i l l o n ,  M o n t a n a :  P h . D .  D i s s . ,  P e n n .  S t a t e  U n i v . ,  122p .
P e a l e ,  A . C . ,  1 8 9 6 ,  D e s c r i p t i o n  o f  t h e  T h r e e  F o r k s  S h e e t ,  M o n ta n a :  U . S .  
G e o l .  S u r v .  G e o l o g i c  A t l a s ,  T h r e e  F o r k s  F o l i o ,  n o .  2 4 ,  5 p .
R o b e r t s o n ,  I . D . M . ,  and du T o i t ,  M . C . ,  19 8 1 ,  The L im p o p o  b e l t ,  i n  
H u n t e r ,  D . R . ,  e d . ,  P r e c a m b r i a n  o f  t h e  S o u t h e r n  H e m i s p h e r e :  
E l s e v i e r ,  A m s t e r d a m ,  p .  6 4 1 - 6 7 1 .
S i m o n s o n ,  B . M . ,  1985 ,  S e d i m e n t o l o g i c a l  c o n s t r a i n t s  on t h e  o r i g i n s  o f  
P r e c a m b r i a n  i r o n - f o r m a t i o n s :  G e o l .  S o c .  Am. B u l l . ,  v .  9 6 ,  p . 2 4 4 -  
2 5 2 .
S l e e p ,  N . H . ,  and W i n d l e y ,  B . F . ,  19 8 2 ,  A r c h a e a n  p l a t e  t e c t o n i c s :  
c o n s t r a i n s  and i n f e r e n c e s :  J .  G e o l . ,  v .  9 0 ,  p .  3 6 3 - 3 7 9 .
S m i t h ,  K . J . ,  19 8 0 ,  P e t r o l o g y  and o r i g i n  o f  P r e c a m b r i a n  m e t a m o r p h i c
r o c k s  i n  t h e  e a s t e r n  Ruby M o u n t a i n s ,  s o u t h w e s t e r n  M o n t a n a :  M .S .  
T h e s i s ,  U n i v .  o f  M o n t a n a ,  84 p .
S t e w a r t ,  J . H . ,  and P o o l e ,  F . G . ,  1974 ,  Low er  P a l e o z o i c  and u p p e r  most  
P r e c a m b r i a n  C o r d i l l e r a n  m i o g e o c l i n e ,  G r e a t  B a s i n ,  w e s t e r n  U n i t e d  
S t a t e s ,  i n  D i c k e n s o n ,  W . R . ,  e d . ,  T e c t o n i c s  and s e d i m e n t a t i o n :  
S . E . P . M .  S p e c .  Pu b .  2 2 ,  p .  2 8 - 5 7 .
T a r n e y ,  J . ,  D a l z i e l ,  I . W . D . ,  and D e W i t ,  M . J . ,  1976 ,  M a r g i n a l  b a s i n  
'R o c a s  V e r d e s ’ c o m p le x  f r o m  S C h i l e :  a model  f o r  A r c h a e a n  
g r e e n s t o n e  b e l t  f o r m a t i o n ,  i n  W i n d l e y ,  B . F . ,  e d . ,  The E a r l y  
H i s t o r y  o f  t h e  E a r t h :  W i l e y - I n t e r s c i e n c e , L o n d o n ,  p . 1 3 1 - 1 4 6 .
T e n d a l l ,  B . A . ,  1 978 ,  M i n e r a l o g y  and p e t r o l o g y  o f  P r e c a m b r i a n  u l t r a m a f i c  
b o d i e s  f r o m  t h e  Toba cc o  R o o t  M o u n t a i n s ,  M a d i s o n  C o u n t y ,  M o n t a n a :  
M .S .  T h e s i s ,  I n d i a n a  U n i v e r s i t y ,  B l o o m i n g t o n ,  126p .
Vitaliano, C.J., Burger, H.R., Cordua, U.S., Hanley, T.B., Hess, D.F., 
and Root, F.K., 1979, Geologic map of the southern Tobacco Root 
Mountains, Madison County, Montana: Geological Society of America 
MC-31.
Wheeler, J.O., and Gabrielse, H., 1972, The Cordilleran structural
province, in Price, R.A., and Douglan, J.W., eds., Variation in 
Tectonic Styles in Cananda: Geol Assoc. Can. Spec. Pap., 11, p. 1 
82.
Williams, H., Turner, F.J., and Gilbert, C.M., 1982, Petrography: an 
introduction to the study of rocks in thin section: W.H. Freeman 
and Company, San Francisco, 626 p.
Wilson, J.F., 1972, The Rhodesian Archean craton-an essay in cratonic 
evolution: Phil. Trans. R. Soc. Lond., v. A273, p. 389-411.
Wilson, M.L., 1981, Petrology and origin of Archean lithologies in the 
southern Tobacco Root and northern Ruby Ranges of southwestern 
Montana: M.S. Thesis, Univ. of Montana, 92p.
 , 1981a, Origin of Archean lithologies in the southern Tobacco
Root and northern Ruby Ranges of southwestern Montana: Montana 
Geol. Soc., Field Conf., guidebook, p. 37-43.
Windley, B.F., 1984, The Evolving Continents, second edition: John 
Wiley and Sons, New York, 399 p.
 , and Smith, J.V., 1976, Archaean high-grade complexes and modern
continental margins: Nature, v. 260, p. 671-657.
Winkler, H.G.F., 1976, Petrogenesis of Metamorphic Rocks: 4th ed.,
Springer-Verlag, New York, 334 p.
Wooden, J.L., Vitaliano, C.J., Koehler, S.W., and Ragland, P.C., 1978, 
The late Precambrian mafic dikes of the southern Tobacco Root 
Mountains, Montana: geochemistry, Rb-Sr geochronology, and 
relationships to Belt tectonics: Canadian Jour, of Earth Sci., v. 
15, p. 467-479.
